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LETTER  OF  TRANSMITTAL. 


BozEMAN,  Montana,  January  29,  1902. 
To  His  Excellency,  Joseph  K.  Toole, 

Governor  of  Montana. 

Dear  Sir: — In  accordance  with  the  Congressional  act  of  March 
2,  1887,  I  have  the  honor  to  transmit  herewith  the  eighth  annual 
report  of  the  Montana  Experiment  Station  for  the  fiscal  3'ear  end- 
ing June  30,  1901. 

Very  respectfully, 

S.  Foktier, 

Director. 


i-yr^r^^^^^7 


MONTANA  AGRICULTURAL 

* 

EXPERIMENT  STATION 


BOZEMAN,  MONTANA. 


STATE  BOARD  OF  EDUCATION. 

OSEPH  K.  Toole,  Governor,  ) 

AMES  Donovan,  Attorney-General,  >  Ex-OfEcio Helena 

W.  W.  Welch,  Supt.  of  Public  Instruction,  J 

J.  M.  Hamilton Missoula 

J.  P.  Hendricks Butte 

N.  W.  McCoNNELL Helena 

O.  F.  GoDDARD Billings 

O.  P.  Chisholm Bozeman 

J.  G.  McCay Hamilton 

G.  T.  Paul Dillon 

N.  B.  HoLTER Helena 


EXECUTIVE  BOARD. 

Walter  S.  Hartman,  President Bozeman 

John  M,  Robinson,  Vice-President Bozeman 

Peter  Koch,  Secretary Bozeman 

Joseph  Kountz Bozeman 

E.  B.  Lamme Bozeman 


STATION  STAFF. 

S.  Fortier,  Ma.  E Director  and  Irrigation  Engineer 

F.  W.  Traphagen,  Ph.  D.,  F.  C.  S Chemist 

RoBT.  S.  Shaw,  B.  S.  A Agriculturist 

J.  W,  Blankinship,  Ph.  D Botanist 

R.  A.  CooLEY,  B.  Sc Entomologist 


Post  Office,  Express  and  Freight  Station,  Bozeman. 
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Montana  Experiment  Station, 
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NOTICE— The  bulletins  of  the  Station  will  be  mailed  free  to 
any  citizen  of  Montana  who  sends  his  name  and  address  to  the 
Station  for  that  purpose. 


REPORT  OF  THE  TREASURER. 


The  Experiment  Station  of  the  Agricultural  College  of  the  State  of 
Montana  in  account  with  the  United  States  appropriation, 
1900-01. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States  as 
per  appropriation  for  fiscal  year  ending  June  80, 
1901,  as  per  Act  of  Congress  approved  March  2, 
1887 $15,000.00 

Cr. 

By  Salaries 8,129.38 

Labor 3,000.00 

Publications 1,518.31 

Postage  and  stationery 171.62 

Freight  and  express....! 286.37 

Heat,  light,  water  and  power 266.45 

Chemical  supplies 89.82 

Seeds,  plants  and  sundry  supplies 477.05 

Fertilizers 9.50 

Feeding  stuffs 73.47 

Librar>^ 116.25 

Tools,  implements  and  machinery 422.10 

Furniture  and  fixtures 162.50 

Scientific  apparatus 277.18 

Total $15,000.00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corpora- 
tion, do  hereby  certify  that  we  have  examined  the  books  and 
accounts  of  the  Experiment  Station  of  the  Agricultural  College  of 
the  State  of  Montana  for  the  fiscal  year  ending  June  30,  1901 ; 
that  we  have  found  the  same  well  kept  and  classified  as  above,  and 
that  the  receipts  for  the  year  from  the  Treasurer  of  the  United 
States  are  shown  to  have  been  $15,000.00,  and  the  corresponding 
disbursements  $15,000.00;  for  all  of  which  proper  vouchers  are 
on  file  and  have  been  by  us  examined  and  found  correct,  thus 
leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  Act  of  Congress  approved  March 

2,1887.  Signed: 

Attest:  John  M.  Robinson, 

Peter  Koch,  Peter  Koch, 

Custodian.  Auditors. 


REPORT  OF  THE  DIRECTOR. 


ist  year  has  been  one  of  the  most  successful  in  the 
the  Experiment  Station,  The  various  lines  of  work 
begun  in  the  past  have  not  only  been  maintained  and 
and  usefulness  extended,  but  new  investigationB  have 
■taken.  Each  member  of  the  Station  Staff  has  striven 
;  the  particular  industry  which  he  represents,  but  at  the 
there  has  been  a  disposition  on  the  part  of  all  to  work 
sly  together  for  the  two-fold  purpose  of  benefitting  the 
armer  and  building  up  a  great  ex))eriraent  station.  The 
sentiment  among  the  Station  workers  is  one  of  con- 
;he  present,  and  taith  in  the  future.  It  is  felt  that  this 
t  Station  will  soon  occupy  its  rightful  place  at  the  head 
cultural  College  and  lead  the  State  in  all  those  varied 
tant  industries  which  are  usually  grouped  under  the 
riculture. 


AQRICULTURE  IN  MONTANA. 


great  privilege  to  assist  in  laying  the  foundation  of 
;stined  to  become  the  chief  source  of  wealth  to  many 
human  beings.  This  State  has  been  one  of  the  last  to 
agricultural  resources,  but  having  now  made  a  good 
is  direction  we  believe  that  few  states  in  the  Union  will 
keep  pace  with  it.  There  are  good  reasons  for  such 
;  State  is   well  watered.      Under  arid  conditions  the 
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water  supplj^  is  of  first  importance.  Such  streams  as  the  Yellow- 
stone,  Madison,  Jefferson  and  Missoula,  the  combined  summer 
flow  of  which  would  irrigate  one  and  a  half  million  acres,  are  for 
the  most  part  unutilized.  The  native  grasses  cannot  be  excelled. 
When  these  fail  it  needs  but  the  thrifty  farmer  and  the  irrigation 
stream  to  convert  the  native  meadows  into  productive  alfalfa 
fields.  With  extensive  pasture  lands  on  the  mountain  slope  and 
alfalfa  stacks  dotting  the  valleys,  the  stockmen  should  lead  every 
state  in  the  Union.  Montana  is  also  admirably  adapted  to 
diversified  farming.  The  large  yields  of  vegetables  and  fruits, 
grains  and  fodders  that  have  been  harvested  for  the  past  few3^ears 
on  the  Station  farm  prove  this  fact.  It  will  also  become  in  time 
we  believe,  one  of  the  leading  dairy  states.  Wisconsin  has  made 
wonderful  progress  in  the  creamer3''  industr3^  Last  year  the  value 
of  this  product  amounted  to  22  million  dollars.  Yet,  judged 
impartially,  Montana  is  capable  of  surpassing  Wisconsin  in  the 
projiuction  of  butter  and  cheese. 


THE  WORK  OF  THE  STATION. 


Having  faith  in  the  agricultural  possibilities  of  Montana  the 
Station  officers  are  endeavoring  to  so  plan  and  perform  their 
work  as  to  accomplish  the  most  lasting  benefits  to  the  people  of 
this  State.  A  skilled  mechanic  must  have  tools  and  appliances 
before  he  can  perform  his  allotted  task.  In  like  manner  the 
Station  scientist  needs  equipment.  Several  years  have  been  spent 
in  securing  apparatus,  fitting  up  laboratories,  making  collections 
and  training  assistants.  This  preliminary  work  is  not  yet  com- 
pleted, but  enough  has  been  done  to  enable  the  several  depart- 
ments to  do  good  work  along  certain  lines. 

The  chemical  department  is  one  of  the  best  equipped  and  the 
excellent  results  which  it  has  accomplished  have  fully  justified  the 
expenditure.  Most  of  the  knowledge  that  we  now  possess  of  the 
injurious  ingredients  in  Montana  soils,  the  analysis  of  potable 
waters,  the  adulteration  of  foods  and  the  excellent  qualitj'-  of  the 
Montana  sugar  beet  has  been  derived  from  the  Station  chemist. 
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Through  the  untiring  efforts  of  the  agriculturist  the  Station 
farm  has  been  transformed  from  a  weed  producing  tract  to  a 
mqdel  farm,  and  his  feeding  experiments  with  domestic  animals 
have  attracted  the  attention  of  all  Western  stockmen. 

The  head  of  the  botanical  department  has  spent  years  of 
arduous  toil  in  collecting  specimens  for  its  herbarium.  He  has 
now  over  10,000  specimens  of  neatl3"  mounted  plants,  forming 
one  of  the  best  collections  in  the  West.  During  the  past  year 
considerable  time  has  been  given  to  injurious  weeds  and  plants 
poisonous  to  stock. 

The  department  of  entomolog\^  was  only  recently  established 
and  in  consequence  much  was  required  to  be  done  in  fitting  up  a 
laboratory,  indexing  the  literature  pertaining  to  the  subject  and 
making  a  collection  of  the  insects  injurious  to  the  farmer  and 
horticulturist. 

The  horticultural  department  is  continuing  to  advance  the 
interests  of  that  important  industrj\  Varieties  of  all  kinds. are 
being  tested  and  those  that  prove  the  best  are  distributed  in  small 
lots  at  low  figures  among  the  home-builders  of  the  State. 

The  poultry  buildings  and  yards  are  now  fairly  well  equipped 
and  although  a  comparatively  small  amount  of  money  has  been 
expended  on  this  industry,  the  character  of  the  results  has  been 
excellent. 

Through  the  liberalit3^  of  the  last  State  legislature  an  appro- 
priation of  $2,500  was  made  to  erect  and  equip  a  dairy.  It  is 
earnestlv  believed  that  the  State  will  receive  in  the  vears  to  come 
one  hundred  fold  from  this  investment. 

In  recognition  of  the  fact  that  the  Experiment  Station  is  the 
only  irrigation  bureau  in  Montana  the  last  legislative  assembly 
voted  the  sum  of  $2,000  to  be  expended  in  collecting  data  on 
irrigation.  If  one  maj'  judge  from  the  nature  of  the  correspond- 
ence which  reaches  this  oflSce,  the  irrigation  investigations  con- 
ducted by  the  Station  have  been  highly  valued  b^'^  the  irrigators  of 
Montana. 
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CHANGE  IN  STATION  POLICY. 


The  most  important  change  in  the  policy'  of  the  Station  has 
been  made  in  the  interests  of  the  stockmen  of  the  State.  The 
feeding  experiments  with  both  sheep  and  cattle  were  carried  on 
last  winter  in  car  load  lots  and  sold  in  the  principal  markets.  By 
this  means  a  larger  number  of  individuals  were  included  in  each 
test,  the  shrinkage  in  shipping  as  well  as  the  actual  expenses, 
selling  prices  and  profits  were  determined. 

The  live  stock  owned  by  the  Station  has  also  been  greatly 
improved.  The  scrub  swine  have  been  sold  and  replaced  by 
thoroughbreds,  the  poorest  cows  have  iDcen  exchanged  for  high 
grades  and  a  sum  of  money  set  aside  from  both  the  College  and 
Station  funds  for  the  purchase  of  thoroughbred  Shorthorns  and 
Herefords,as  well  as  Rambouillet,  Lincoln  and  Shropshire  sheep. 

The  field  of  investigations  has  also  been  broadened.  For  a 
number  of  years  nearly  all  the  experiments  were  conducted  either 
on  the  Station  farm  or  in  the  immediate  neighborhood.  Farmers 
in  other  parts  of  the  State  formed  the  opinion  that  the  Montana 
Experiment  Station  was  established  for  the  sole  benefit  of  Gallatin 
county  and  not  for  the  entire  State.  At  the  present  writing  there 
are  over  sixty  farmers  in  different  sections  of  Montana  co-operat- 
ing with  this  Station  in  the  raising  of  grains,  vegetables,  legumes 
and  grasses.  The  work  of  the  chemist,  agriculturist,  botanist, 
entomologist  and  irrigation  engineer  have  also  been  extended  and 
include,  as  far  as  means  and  opportunity  will  permit,  the  entire 
State. 

Greater  freedom  of  action  has  been  accorded  the  Station 
officers  in  performing  the  work  alloted  to  each  but  with  this 
privilege  has  been  given  greater  responsibility.  The  harmony  and 
good  feeling  that  have  prevailed  as  well  as  the  excellent  character 
of  the  work  performed  seem  to  have  shown  the  wisdom  of  this 
change. 
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STATION  STAFF. 

lie  exception  there  have  been  no  important  changes  in 
nel  of  the  Station  staff  during  the  year.     Mr.  S.  M, 

0  occupied  the  position  of  director  and  horticulturist 
er  of  years,  resigned  June  30,  1900,  and  the  writer  was 
to  succeed  him.  My  term  of  office,  as  director,  began, 
with  the  fiscal  year  just  closed.  In  addition  to  my 
lirector  I  was  also  placed  in  charge  of  the  civil  engineer- 
of  the  College  and  the  irrigation  department  of  the 
Tnder  such  circumstances  it  was  deemed  advisable  to 
ivork  of  the  Station  into  several  departments  and  place 
it  Station  officer  at  the  head  of  each.  In  this  way  the 
ich  department  could  be  held  directly  responsible  not 
le  character  of  the  investigations  conducted  under  his 
I,  but  also  for  the  extent  and  quality  of  the  contribu- 
mblications. 

N.  Traphagen  retained  his  position  as  Station  chemist 
ised  all  sugar  beet  investigations  within  the  State  as 
investigations  pertaining  to  the  adulteration  of  foods 
■  made  in  co-operation  with  the  Bureau  of  Agriculture, 
Industo'  of  Montana. 

.  S.  Shaw  was  placed  in  charge  of  the  Station  farm  and 
care  and  management  of  all  live  stock.  His  most 
duties  were  to  conduct  experiments  in  grain  raising, 
>s  and  stock  feeding. 

W.  Blankinship  continued  to  act  in  the  capacity  of 
tanist  and  in  addition  to  the  labor  involved  in  collect- 
ens  of  the  economic  plants,  investigated  the  plants 
to  stock  and  the  injurious  weeds  of  the  state. 
.  A.  Cooiey  succeeded  himself  as  entomologist  of  the 
t  Station  and  inspector-at-large  to  the  State  Horti- 
lard. 

rticultural  department  was  placed  in  direct  charge  erf 
■s  Wilson,  who  was  to  act  under  the  supervision  of  tht 
St  and  the  director.  . 

.    C.    Gardiner  was  continued   in  charge    of  the  subj. 
b  of  poultry, 
ration  investigations  and  water  supply  measurement^ 

1  under  the  supervision  of  the  director. 
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STATION  COUNCIL. 

The  members  of  the  Station  staff  have  held  meetings  once  a 
month  for  the  purpose  of  considering  matters  pertaining  to  the 
welfare  of  the  Station.  The  candid  expression  of  opinions  at 
these  meetings  on  all  topics  of  vital  interest  has  greatly  aided  the 
director  and  executive  board  to  adopt  wise  measures  in  regard  to 
plans  for  future  work  and  the  expenditure  of  Station  funds. 


NEEDS  OF  THE  STATION. 


I  desire  to  call  the  attention  of  the  members  of  the  governing 
boards  to  the  urgent  needs  of  the  Experiment  Station. 

In  the  first  place  it  has  no  barns,  granary  or  outbuildings 
worthy  of  the  name.  In  this  respect  we  rank  below  every  other 
station  in  the  Union.  All  our  feeding  experiments  have  had  to 
be  done  under  the  most  liaborious  and  primitive  methods.  Our 
agriculturist  has  done  splendid  work  in  raising  hundreds  of 
varieties  of  grains.  These  have  to  be  stored  in  log  buildings  and 
the  mice  cause  endless  trouble  in  mixing  the  varieties. 

For  the  past  two  years  the  water  supply  for  irrigation  has 
been  deficient.  During  the  past  season  the  flow  was  frequently 
less  than  40  miner's  inches  for  160  acres  of  land.  An  additional 
supply  of  at  least  25  miner's  inches  is  required.  More  water  is 
needed  for  experimental  purposes  than  for  ordinar}'  farming. 

It  would  also  add  greatly  to  the  appearance  and  utility'  of  the 
Station  farm  if  a  tract  of  land  of  about  10  acres,  now  unoccupied 
and  for  sale,  located  at  the  northeast  corner  of  the  farm  could  be 
purchased.  In  feeding  sheep  and  cattle  in  car  load  lots  it  is 
difficult  to  raise  enough  feed  on  our  limited  area  and  likewise 
provide  experimental  tracts  for  the  several  departments  as  well  as 
pasturage  for  live  stock. 

The  present  Station  building  is  over  crowded  and  provision 
must  soon  be  made  for  additional  class-rooms  for  farmers'  bovs 
who  attend  during  the  winter  months.  More  space  for  labora- 
tories and  offices  is  also  needed.    The  heating  plant  is  now  in  the 
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basement  of  the  main  building  with  no  facilities  for  extinguishing 
fires.    There  should  be  a  separate  heating  building. 

The  Experiment  Station  should  have  a  skilled  veterinarian, 
thoroughly  competent  to  undertake  the  bacterological  investiga- 
tions of  animal  diseases.  The  stockmen  of  the  State  and  the  State 
veterinary  surgeon  desire  it.  Dr.  M.  E.  Knowles  has  rendered 
valuable  services  to  the  State  in  many  ways,  but  particularly  in 
preventing  the  spread  of  animal  diseases.  The  territory  is  so  vast 
and  the  number  of  domestic  animals  so  great  that  his  time  is  fully 
occupied  in  police  duties  and  the  identification  of  diseases.  It  is  of 
the  utmost  importance  to  the  stock  interests  of  Montana  that 
this  Station  supplement  the  valuable  work  now  done  by  the  State 
veterinarian. 


PUBLICATIONS. 


The  following  bulletins  have  been  published  during  the  year. 
Of  these,  numbers  25,  26  and  27  belong  to  the  previous  year. 
No.  25.     Paris  Green  and  London  Purple  in  Montana,  by  F.  W. 

Traphagen. 
No.  26.    Poultry  Raising,  by  H.  C.  Gardiner. 
No.  27.    Live  Stock  Feeding  Tests,  by  R.  S.  Shaw. 
No.  28.    Seventh  Annual  Report. 

No.  29.    The  Quantity  of  Water  Used  in  Irrigation,  by  S.  Fortier. 
No.  30.    Weeds  of  Montana,  by  J.  W.  Blankinship. 
No.  31.    Grazing  and  Feeding  Tests,  b}^  R.  S.  Shaw. 


FARHERS'  INSTITUTES. 


Through  the  efforts  of  the  friends  of  agriculture  a  bill  provid- 
ing for  the  holding  of  Farmers'  Institutes  was  passed  by  the  last 
legislative  assembly  and  received  the  approval  of  the  Governor 
March  14,  1901.  The  Board  of  Administration  consists  of  the 
Governor  of  the  State,  the  presidents  of  the  Montana  Wool- 
Growers'   Association,  the  Montana  Live  Stock  Association  and 
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the  Montana  Horticultural  Society  and  the  director  of  the 
Montana  Experiment  Station.  Provision  is  also  made  to  add  the 
presidents  of  the  dairy  and  agricultural  associations  to  the  board 
when  these  latter  associations  are  organized.  The  Administrative 
Board  is  required  to  meet  in  November  of  each  year  to  make  the 
necessar>'  arrangements  to  hold  institutes  during  the  winter 
months  and  also  in  March  to  arrange  for  the  publication  of  the 
proceedings  in  a  Farmers*  Institute  Annual. 

The  annual  appropriation  is  $2,000,  but  since  a  large  portion 
of  this  sum  will  be  expended  in  reporting  and  publishing  the  pro- 
ceedings the  balance  will  scarcely  be  sufficient  to  pay  for  traveling 
and  incidental  expenses. 

The  members  of  the  Administrative  board  met  in  Helena  June 
10,  1901,  and  organized  by  electing  A.  L.  Stone,  of  Missoula, 
president  and  S.  Fortier,  of  Bozeman,  secretary.  On  account  of 
the  lack  of  funds  it  was  decided  not  to  appoint  for  the  present  a 
superintendent  of  Farmers*  Institutes  and  the  secretary  was  given 
authority  to  arrange  the  dates  and  places  of  meeting  as  well  as  to 
secure  voluntary  speakers  for  each  county  institute. 


CORRESPONDENCE. 


The  correspondence  of  the  Station  is  increasing  rapidl3\  This 
may  be  regarded  as  a  true  index  of  the  interest  that  is  being  taken 
in  experiment  station  work  in  Montana.  During  the  year  over 
2,500  letters  have  been  received  and  answered.  A  large  number 
of  these  came  from  the  rural  districts  of  the  State.  Many 
of  the  letters  received  from  farmers  and  stock  men  required  con- 
siderable time  to  answer  for  the  reason  that  there  were  no  Station 
circulars  or  bulletins  which  contained  the  desired  information.  As 
the  number  of  the  Station  publications  increase  a  greater  variety 
of  topics  will  be  discussed  and  we  hope  to  have  in  the  near  future 
more  information  to  send  to  our  correspondents. 

Meanwhile  we  beg  to  assure  all  those  who  are  interested  in 
agricultural  pursuits  that  we  will  cheerfully  do  what  we  can  to 
reply  to  their  enquiries  and  we  hope  that  the  farmers  of  the  State 
will  avail  themselves  of  this  opportunit3'  of  obtaining  such 
information  as  this  Station  can  give. 


1 
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EXCHANGES. 


Agricultural  Experiments,  Minneapolis,  Minn. 

Agricultural  Epitomist,  Spencer,  Ind. 

American  Fancier,  Johnston,  N.  Y. 

Avant  Courier,  Bozeman,  Mont. 

Baltimore  Sun,  Baltimore,  Md. 

Belt  Valley  Times,  Belt,  Mont. 

Big  Timber  Pioneer,  Big  Timber,  Mont. 

Beet  Sugar  Gazette,  Chicago,  111. 

Billings  Times,  Billings,  Mont. 

Bozeman  Chronicle,  Bozeman,  Mont. 

Butcher's  Advocate,  Chicago,  111. 

Carbon  County  Chronicle,  Red  Lodge,  Mont. 

Chicago  Drover's  Journal,  Union  Stock  Yards,  Chicago,  IlL 

Commercial  Poultry  Journal,  Draper  Pub.  Co.,  Chicago  IlL 

Dairy  and  Cream,  315  Dearborn  St.,  Chicago,  111. 

Dillon  Tribune,  Dillon,  Mont. 

Elgin  Dairy  Report,  Elgin,  111. 

Farmers'  Guide,  Huntington,  Ind. 

Farm  Home,  Springfield,  111. 

Farm  Journal,  Philadelphia,  Pa. 

Farmers'  Institute,  Chicago,  111. 

Farm  News,  Springfield,  Ohio. 

Farmers'  Review,  Chicago,  111. 

Farm  Poultry,  Boston,  Mass. 

Farm  Stock  and  Fireside,  Sioux  City,  la. 

Farm  Stock  and  Home,  Minneapolis,  Minn. 

Feather,  Washington,  D.  C. 

Florist's  Review,  Chicago,  111. 

Gallatin  County  Republican,  Bozeman,  Mont. 

Gleudive  Independent,  Glendive,  Mont.  ' 

Garden  and  Farm,  Chicago,  111.  / 

Home  and  Farm,  Springfield,  Mass.  ' 

Home  and  Garden,  St.  Paul,  Minn. 

Horticultural  Visitor,  Kinmundy,  III. 

Hoist ein  Register,  Brattleboro,  Vt. 

Independent,  Helena,  Mont. 

Inter-Mountain,  Butte,  Mont. 

Industrialist,  Manhattan,  Kan. 

Inter  Lake,  Kalispell,  Mont. 

Inland  Poultry  Journal,  Indianapolis,  Ind. 

Irrigation  Age,  916  W.  Harrison  St.,  Chicago,  111. 

Jei*sey  Bulletin,  Indianapolis,  Ind. 

Livingston  Post,  Livingston,  Mont. 
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Madisonian,  Virginia  City,  Mont. 

Milwaukee  Journal,  Milwaukee,  Wis. 

Mining  World,  Butte,  Mont. 

Montana  Fruit  Grower,  Missoula,  Mont. 

Modem  Farmer,  St.  Joseph,  ilo. 

National  Stockman  and  Farmer,  Chicago,  111. 

Northwestern  Poultry  and  Pets,  Spokane,  Wash. 

Ohio  Farmer,  Cleveland,  Ohio. 

Opportunity,  St.  Paul,  Minn. 

Orange  Judd  Farmer,  Marquette  Building,  Chicago,  111. 

Park  and  Cemetery  and  Landscape  Gardening,  Chicago,  111. 

Progressive  Farmer,  New  Port,  Va. 

Plainsman,  Plains,  Mont. 

Poultry  Culture,  Kansas  City,  Mo. 

Poultry  News,  Lincoln,  Neb. 

Poultry  Herald,' St.  Paul,  Minn. 

Poultry  Journal,  Spokane,  Wash. 

Pacific  Poultrymen,  Tacoma,  Wash. 

Rural  Spirit,  Portland,  Ore. 

Rural  New  Yorker,  New  York,  N.  Y. 

Rui'al  North  West,  Portland,  Ore. 

Reliable  Poultry  Journal,  Quincy,  111. 

Stock  Growers*  Journal,  Miles  City,  Mont. 

Strawberry  Specialist,  Kittrell,  N.  C. 

Stockman  and  Farmer,  Helena,  Mont. 

Southern  Farm  Magazine,  Baltimore.  Md. 

Tribune,  Stevensville,  Mont. 

The  Weekly  Chronicle,  San  Francisco,  Calif. 

The  Sentinel,  Boulder,  Mont. 

The  W^orld,  Vancouver,  B.  C. 

Tribune-Review,  Butte,  Mont. 

Tribune,  Great  Falls,  Mont. 

Up-to-Date,  Indianapolis,  Ind. 

Western  News,  Hamilton,  Mont. 

Wallace  Farmer,  Des  Moines,  la. 

Wisconsin  Agriculturist,  Raciue,  WMs. 

Western  Fruit  Grower,  St.  Joseph,  Mo. 

West  Virginia  Farm  Review,  Charleston,  W.  Va. 

W^estern  Home  Journal  and  Inter-Mountain,  Spokane,  Wash. 

S.   FORTIER, 

Director. 
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AGRICULTURAL  DEPARTMENT. 


R.  S.  Shaw,  Agriculturist. 

Throughout  this  year  the  work  of  introducing  and  testing 
varieties  of  grains,  grasses,  forage  and  fodder  plants  and  potatoes 
has  been  continued.  The  fourth  season's  work  in  the  six  year  crop 
rotation  has  also  been  successfully  completed.  Much  attention 
has  also  been  given  to  culture  methods  relating  to  their  effects  on 
weed  destruction  and  the  maintenance  of  fertility.  Some  time  and 
mone}^  have  also  been  given  to  permanent  improvement  work  and 
land  reclamation.  The  greater  portion  of  my  time  has  been  spent 
in  the  direct  supervision  of  the  farm  labor,  even  to  the  routine 
work. 


VARIETY  TESTING  OF  GRAINS. 


Wheats. — Forty-three  varieties  were  grown  under  irrigation. 
These  consisted  of  a  few  new  introductions,  the  balance  of  which 
had  been  grown  from  one  to  several  years.  The  number  was 
greatly  decreased  this  3'^ear,  some  twenty-five  or  more  worthless 
varieties  having  been  discarded.  The  average  yield  from  these 
forty-three  varieties  was  52.6  bushels  per  acre,  and  as  the  result 
of  this  season's  work  in  conjunction  with  the  data  secured  from 
previous  years  five  selections  were  made  on  the  basis  of  quantity 
and  quality  of  product.  These  varieties  are:  Kubanka,  Red  Fife, 
Russian  2955,  Wild  Goose,  Wellmans  Fife  and  McKissocks  Fife. 
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Oats. — These  included  thirty-three' varieties  choseit  atidihandled 
in  the  same  way  as  the  wheats.  The  average  yield  was  87.9 
bushels  per  acre.  Four  selections  were  made,  viz. :  Poland  White, 
American  White,  White  Wonder  and  Nameless  Beautj'.  Two 
varieties  chosen  the  previous  year  were  increased  this  season  to  be 
put  in  the  hands  of  farmers  in  various  portions  of  the  State,  these 
were  jthe  Nameless  Beauty  and  White  Russian.  From  1.48  acres 
the  former  yielded  129.7  bushels,  or  87.3  bushels  per  acre,  w^hile 
the  latter  yielded  215.8  bushHs  from  1.96  acres,  or  110  bushels 
per  acre.  After  cleaning  and  grading,  the  White  Russian  oats 
weighed  44  pounds  per  measured  bushel.  Of  these  two  oats,  lots 
not  exceeding  five  bushels  were  sent  out  to  fifty  farmers  in  different 
parts  of  the  State.  These  were  cleaned  and  graded  and  sold  at 
the  rate  of  $1.25  per  cwt.  in  response  to  inquiries  for  seed.  In 
addition  to  this  smaller  trial  lots,  consisting  of  a  few  pounds, 
were  distributed  for  trial  in  other  locations.  From  this  work 
we  expect  to  secure  returns  which  will  tell  us  to  what  extent 
these  varieties  have  been  successful  and  also  where  the  seed  is 
located. 

Barley. — Twenty-four  varieties  were  grown  in  the  same 
manner  as  the  two  preceding  grains,  giving  an  average  j^eld  of 
48.9  bushels  per  acre.  Seven  varieties  of  the  brewing  kind, 
imported  from  Germany,  were  selected  this  year.  Three  kinds  of 
hulless  barley,  viz.:  Black,  White  and  Smooth,  selected  and 
increased  from  previous  years,  were  disposed  of  to  farmers  in 
several  sections  of  the  State  to  be  grown  for  feeding  purposes. 

Peas. — From  some  ten  or  a  dozen  varieties  tested,  all  have  been 
discarded  except  two,  viz. :  Mummy  and  Canadian  Golden  Vine. 
Of  these  two,  the  former  is  a  crown  pea,  an  early  maturing  sort, 
characterized  by  a  short,  strong  straws  producing  large  grain 
which  all  ripens  at  once.  The  Canadian  Golden  Vine  is  an 
indeterminate  grower  producing  a  much  longer,  more  slender  and 
yet  heavier  yield  of  straw  per  acre.  Th^se  are  a  later  kind.  We 
recommend  them  where  a  large  quantity  of  fodder  is  desired  which 
can  be  controlled  by  the  water  supply.  This  pea  will  ripen  up  and 
produce  an  abundance  of  grain  unless  grown  on  moist  ground  or 
watered  too  freely.  There  has  been  a  greater  demand  for  the  seed 
of  these  two  peas  than  could  be  supplied. 
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Rye. — Some  attention  has  been  given  to  varieties  of  spring  rye 
with  the  result  that  one  has  been  chosen  which  yields  30.6  bushels 
per  acre  and  produces  a  large  yield  of  straw  of  a  fine  leafy 
character. 


GRASSES  AND  FORAGE  PLANTS. 


Twenty-six  grasses  have  been  grown,  both  with  and  without 
irrigation.  Though  this  work  is  incomplete,  and  should  extend 
throughout  a  number  of  A^ears,  some  results  are  being  secured  as 
the  work  progresses.  Of  the  total  number,  Brome  Grass  has 
proved  to  be  the  most  drouth  resistant ;  it  is  the  first  to  start  in 
the  spring  and  the  last  to  remain  green  during  the  season  of 
drouth,  quickly  recuperating  again  in  the  autumn.  It  has  pro- 
duced one  and  one  half  tons  of  ha3^  per  acre  where  timothy,  under 
similar  conditions  with  scant  soil  moisture  supply,  only  produced 
one  half  ton  to  the  acre.  Many  failures  to  start  Brome  Grass 
have  been  due  to  the  use  of  poor  seed.  When  the  germinating 
power  of  the  seed  is  not  known  it  is  very  difficult  to  get  the  right 
kind  of  a  stand.  If  the  grass  comes  up  too  thickly,  matting  soon 
results,  and  the  growth  becomes  fine  and  spindly.  Second  in 
importance,  as  a  drouth  resister,  followed  a  native  rye  grass,  but 
while  it  possesses  these  good  qualities  they  are  partl3^  offset  by  a 
growth  somewhat  too  stem3'  devoid  of  leaves.  The  English  and 
Italian  rye  grasses  were  found  to  be  vigorous  growers  without 
irrigation,  but  failed  to  withstand  the  severity  of  the  winter.  The 
tenacity  of  life  shown  by  Blue  Grass  under  these  dry  conditions 
was  surprising;  it  makes  a  remarkable  growth  early  in  theseason, 
then  dries  up  and  makes  a  fine  nutritious  growth  in  the  autumn. 

Among  the  information  of  practical  importance  secured  in  this 
work  was  the  discovery  that  the  Montana  grown  grass  seeds  all 
possess  a  remarkably  high  germinating  power,  and  we  believe 
that  the  production  of  grass  seeds  can  be  made  both  practical  and 
profitable. 

Of  the  forage  crops  Dwarf  Essex  rape  made  a  remarkably 
strong  growth  with  one  irrigating.     It  was,  however,  subject  to 
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attacks  from  the  green  aphis  which  almost  totally  ruined  the 
rutabaga  crop  during  this  same  season. 

Root  Crops. — Of  these,  mangolds,  sugar  beets,  carrots  and 
rutabagas  were  grown  for  feeding  purposes.  The  mangolds  gave 
the  largest  yield  per  acre  with  carrots  second  and  sugar  beets 
third.  The  rutabagas  were  almost  totally  destroyed  by  the  green 
aphis.  These  roots  were  all  used  for  feeding  purposes  on  the  farm. 
The  carrots  proved  to  be  an  excellent  food  for  horses  feeding  on 
straw.  The  mangolds  were  used  for  chicken  and  hog  feed  and  the 
sugar  beets  were  used  exclusively  by  the  hogs.  Too  much  cannot 
be  said  in  favor  of  the  use  of  sugar  beets  for  pigs  which  are  being 
wintered  over.  They  can  be  fed  whole  and  raw  and  require  little 
grain  along  with  them  to  keep  the  pigs  in  a  thrifty  growing 
condition."  From  twelve  to  fifteen  tons  of  sugar  beets  can  be 
produced  from  one  acre  of  land  at  a  cost  not  exceeding  $25.00,  if 
properly  handled. 

Potatoes. — In  all  fifty-two  varieties  were  tested.  In'  making 
selections  of  the  best,  most  attention  was  given  to  those  produc- 
ing the  largest  percentage  of  marketable  potatoes  which  was 
determined  after  culling  out  the  small  and  large  rough  ones.  It 
frequently  happens  that  the  sorts  producing  the  greatest  total 
yield  per  acre  do  not  give  the  highest  percentage  of  a  marketable 
product.    The  following  selections  were  made,  viz. : 

Early  Varieties — Six  Weeks  Market,  Acme.  Early  Ohio,  Earh-^ 
Oxford  and  Early  Vaughan. 

Medium  Varieties. — Rural  New  Yorker  No.  2,  Lees  Favorite, 
Snow  Drop,  American  Wonder  and  Oregon  Pearl. 

Late  Var/er/es.— White  Maine. 
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ROTATION  TESTS. 


is  season  the  fourth  trial  of  the  six  year  rotation 
as  made,  with  the  following  result : 
YIELDS  OF  ROTATION  ACRES  FOR  1900. 

f.  grain 38.3  bu. 

straw 3,000  H>s. 

-,  hay..: 3,170  11)8. 

'.grain 87.2  bu. 

straw 3.980  tbs. 

Beets 16,310  t1>s. 

grain 75.5  bu. 

straw 2,345  lbs. 

grain.... 37  bu. 

straw 

exception  of  the  sugar  beets  this  record  shows  a 
se  in  the  productiveness  of  these  six  acres  during  the 
rs.  This  season  the  sugar  beet  plants  were  badly 
n  after  coming  through  the  ground  as  the  result  of 
yf  a  flea  beetle.  Some  fluctuations  occur,  due  to 
itions,  but  in  general  the  yields  arc  satisfactory. 
the  case,   however,  the  rotation   is   too  wide    for 


ERATION  WITH  FARMERS  OF  THE  STATE. 


)f  the  great  diversity  of  conditions,  it  was  found 
adopt  some  means  by  which  the  work  of  the  Station 
teniented  in  as  many  other  portions  of  the  State  as 
order  to  accomplish  this,  small  quantities  of  grains, 
were  placed  in  the  hands  of  private  individuals  for 
liy  conditions  required  were  that  accurate  reports 
■nished.  No  less  than  seventy  co-oi)erators  were 
ile  results  have  not  as  yet  been  obtained  from  this 
that  it  will  be  of  great  benefit  to  the  farmer  directly 
ig  much  valuable  information  back  to  the  Station 
■  used  in  a  priicticjil  wiiy. 
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LIVE  STOCK  BRBRDING  AND  FEEDING. 


Importations  of  Berkshires  and  Poland  Chinas  were  made 
during  the  year  and  both  herds  established  with  first-class  stock 
to  breed  from.  In  all  eighteen  sales  of  breeding  hogs  were  made 
as  follows:  In  Gallatin  county  12,  Lewis  and  Clarke  2  and  one 
each  in  Madison,  Cascade,  Missoula  and  Park. 

In  addition  to  these,  two  sales  of  breeding  bucks  were  also 
made. 

GRAZING  AND  FEEDING. 


Grazing  Trials — In  June  of  1900,  5.04  acres  was  fenced  off  in 
two  equal  parts  from  an  alsike  field  which  had  been  seeded  in 
1897.  The  soil  consisted  of  a  deep,  rich  humus,  somewhat  loamy 
with  a  gravelly  sub-soil.  The  two  lots  were  irrigated  alternately 
every  two  weeks  from  June  13th  to  August  18th  and  pastured  in 
the  same  way.  Twelve  yearling  Shorthorn  and  Hereford  steers 
were  chosen  for  the  experiment.  They  were  turned  on  the  clover 
June  9th,  remaining  until  October  1st.  It  was  thought  at  first 
that  the  steers  would  be  sufficient  to  consume  the  clover,  but  on 
June  18th  it  was  necessary  to  add  to  their  number  to  prevent 
waste.  Consequently  seven  Jersey  grade  heifers  belonging  to  the 
Station  were  turned  in  upon  the  clover  also.  During  the  experi- 
ment one  steer  died  from  bloat  and  all  were  removed  for  a  few 
days  while  the  pastures  were  wet. 

On  June  9th  the  twelve  steers  which  were  thin  from  wintering 
on  the  range  averaged  545  pounds  per  head,  on  October  1st  the 
eleven  remaining  averaged  783  pounds,  making  an  increase  of 
3,278  pounds  which  with  the  gain  of  176  pounds  made  by  the 
steer  before  death  gave  a  total  increase  of  3,454  pounds.  The 
Jersey  grade  heifers,  which  were  one  and  two  years  old,  weighed 
4,575  pounds  on  June  18th  and  5,681  pounds  on  October  1st, 
making  a  total  gain  of  1,106  pounds.  The  relative  gains  were, 
therefore,  for  the  steers  2.75  pounds  per  head  per  day,  and  for  the 
heifers  1.69  pounds  during  the  same  time  and  under  the  same  con- 
ditions. 


V'  .r 
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This  tract  of  5.04  acres  pro\'ided  food  for  maintenance. and  the 
gains  given,  for  eleven  steers  during  the  equivalent  of  108  days, 
and  also  for  the  seven  heifers  93  days,  after  taking  into  considera-. 
tion  the  loss  of  the  twelfth  steer  and  the  few  days  the  cattle  were 
removed  from  the  pastures. 

A  sum  total  of  4,560  pounds  animal  increase  was  secured  from 
the  5.04  acres  of  alsike  clover,  which  amount  valued  at  four  cents 
per  pound,  gives  a  cash  value  of  $182.40,  or  $36.19  per  acre. 


FEEDING  STEERS  FOR  MARKET. 


Thirty-one  steers  were  fed  for  shipment,  consisting  of  the 
eleven  steers  used  in  the  grazing  test  and  twenty  additional 
yearlings  secured  from  the  range.  The  feeding  began  November 
13th,  1900,  when  the  steers  were  divided  into  three  lots  according 
to  quality.    Those  from  the  clover  were  fed  separately. 

The  food  consumed  by  the  steers  from  November  13th  to 
March  30th  was  as  follow^s :  Lot  I  (eleven  steers)  37,455  pounds 
clover  and  7,530  pounds  barley  meal.  Lot  II  (ten  steers)  29,335 
pounds  clover  and  7,315  pounds  barley  meal.  Lot  III  (ten  steers) 
29,235  pounds  clover  and  7,308  pounds  barley  meal.  The  aver- 
age daily  consumption  of  food,  per  capita,  during  137  daj'S 
was,  for  Lot  I,  24.8  pounds  clover  and  5  pounds  barley  meal;  lot 
II,  21.4  pounds  clover  and  5.34  pounds  meal ;  lot  III,  21.3  pounds 
clover  and  5.39  pounds  meal. 

The  following  gains  were  made  during  the  137  day  feeding 
period : 

Lot  I,  eleven  steers,  3,015  tt)s.  averaging  247.1  lbs.  per  capita 

''    II,  ten         **       2,410    '*  ** "        241       ' 

-    Ill,   **  •*       2,345    *'  ''  234.5    **     '** 

The  average  daily  gains  per  capita  for  the  three  lots  through- 
out the  period  were  2,  1.75  and  1.71  pounds  respectively. 

The  large  gains  from  such  light  feeding  are  attributed  to  the 
superior  quality  of  the  food  and  the  extremely  suitable  climatic 
conditions.    The  clover  had  been  cured  beneath  a  cloudless  sky 
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and  the  feeding  period  consisted  of  an  almost  uninterrupted  suc- 
cession of  bright  still  days.    The  steers  were  fed  in  open  3^ards. 

We  have  found  with  legumes  of  such  quality  as  can  be  pro- 
duced in  our  valleys  that  maximum  gains  can  be  secured  from  the 
use  of  a  minimum  amout  of  grain.  Not  more  than  one  half  pound, 
per  day,  per  one  hundred  pounds  of  live  weight  is  required. 

The  foods  were  charged  up  at  $5.00  per  ton  for  clover  and  70 
cents  per  cwt.  for  barley  meal,  resulting  in  a  total  cost  of  $146.34 
for  lot  I,  $124.53  for  lot  II  and  $124.71  for  lot  III.  Therefore 
from  the  data  given  we  get  the  following  comparative  costs  per 
one  hundred  pounds  increase,  viz.:  $4.85,  $5.16  and  $5.31,  the 
cost  increasing  as  the  lots  lacked  in  beef  type. 

These  steers  were  shipped  to  Seattle,  where  the  sale  resulted  in 
a  net  profit  of  $122.59  on  the  car  load,  notwithstanding  the 
disadvantage  of  their  age,  weight  and  the  heavy  shrinkage  result- 
ing from  the  five  day  trip. 


SHEEP  FEEDING  EXPERIHENTS. 


Test  No.  /. — Consisted  of  three  lots  of  Iambs  of  53  each,  receiv- 
ing the  following  rations :  Pen  (1),  clover  and  grain  ration  of  oats 
and  barley;  pen  (2), clover  and  screenings;  and  pen  (3), clover  onl3^ 
The  relative  amounts  of  food  consumed  per  head  per  day  were: 
Pen  (1),  clover  2.9  pounds,  grain  .56  pounds;  pen  (2),  clover  2.94 
pounds  and  .55  pounds  screenings;  pen  (3),  clover  3.32  pounds. 
The  average  gains  per  head  per  month  throughout  the  90  days 
were:  Pen  (1)  24.96  pounds;  pen  (2)  28.08  pounds  and  pen  (3) 
21.15  pounds.  The  relative  cost  of  production  per  100  pounds 
was,  pen  (1)  $4.34,  pen  (2)  $3.34  and  pen  (3)  $3.53.  We  con- 
eluded,  therefore,  that  the  most  profitable  results  were  secured 
from  the  clover  and  screenings  because  the  increase  was  greater 
and  the  cost  of  production  less.  Clover  was  charged  at  $5.00  per 
ton,  oats  and  barlev  at  85  cents  per  cwt.  and  screenings  at  55 
cents. 
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CLOVER  AND  GRAIN  HAY  COMPARED. 


Test  No,  IL — The  same  number  of  lambs  was  used  as  in  the 
previous  test  and  under  the  same  conditions.  The  grain  hay  con- 
sisted of  a  mixture  of  oats,  peas,  barley  and  spring  wheat  grown 
together  and  cut  earh'  in  the  milk  stage.  The  test  was  conducted 
for  60  days  and  both  foods  charged  up  at  the  price  alread3'  given 
for  clover. 

During  these  60  days  the  clover  fed  lambs  made  a  gain  of  14 
pounds  per  head,  while  those  receiving  grain  hay  gained  only 
10.68  pounds.  The  former  also  produced  100  pounds  increase  at 
a  cost  of  $3.63  as  compared  with  $4.60  from  the  grain  ha^'  lot. 
There  was  too  much  waste  from  the  grain  ha3^  and  we  believe  that 
horses  or  cattle  could  have  used  this  food  to  better  advantage. 


EFFECT  OF  WATER  SUPPLY  ON  FATTENING  LAMBS. 


Test  No.  III. — Two  lots  with  food  and  surrounding  conditions 
alike  were  treated  differently  as  to  water  supply.  One  had 
constant  access  to  water  in  the  yard,  the  other  was  turned  to 
water  but  once  a  dav.  The  lambs  with  constant  access  to  water 
gained  9.36  pounds  each,  per  month;  the  others  gained  but  7.15 
pounds  in  the  same  time.  Those  which  were  permitted  to  take 
water  at  will  produced  100  pounds  gain  at  $3.34  while  those 
with  restricted  supply  cost  $4.51  for  the  same  amount. 


CORRESPONDENCE. 


The  correspondence  sent  out  by  me  from  my  department  for 
the  year  amounted  to  442  letters.  Many  of  these  were  answers 
to  inquiries  relating  to  methods  of  cultivation,  seeding,  treating 
seed  grain  and  requests  for  information  relating  to  the  various 
kinds  of  farm  products.  Many  incjuiries  were  also  made  in  regard 
to  live  stock  and  methods  of  feeding. 
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PRESS  CONTRIBUTIONS. 


Seventeen  articles  were  contributed  to  the  local  press.  These 
treated  of  subjects  relating  directly  to  the  agriculture  of  Montana 
and  presented  in  greater  part  some  minor  results  of  Station  work 
not  sufficiently  important  to  warrant  special  publications.  Some 
of  the  subjects  presented  were :  Sheep  Feeding  in  Montana,  Stock 
Feeding  Tests  at  the  Experiment  Station,  Formalin  Treatment  for 
Grain  Smuts,  Alfalfa  for  Seed,  Co-operation  Between  the  Montana 
Farmer  and  the  Experiment  Station,  a  series  of  seven  articles  on 
Swine  Feeding,  Utilizing  the  Waste  Products  of  Western  Farms,  etc. 


FORMALIN  TREATMENT  FOR  GRAIN  SMUTS- 


About  one  year  ago  reports  were  sent  out  from  the  Experi- 
ment Station  regarding  the  use  of  formalin  as  a  preventive  of  grain 
smuts.  Since  that  time  another  3^ear's  experience  has  been  added, 
verifying  the  work  of  the  three  preceding  years. 

As  requests  are  coming  in  daily,  asking  for  instructions  as  to 
the  use  of  formalin,  we  find  it  necessary  to  again  make  our  reports 
far-reaching  through  the  kindness  of  the  press  of  the  State. 

Though  many  different  methods  of  treatment  for  grain  smuts 
have  been  devised  and  tried,  none  have  proven  to  be  more  perfect 
preventatives  than  formalin.  It  is  pre-eminently  a  germ  destroyer 
and  its  work  is  perfect.  It  does  not  in  any  way  injure  the  vitality 
of  the  grain.  It  is  a  comparatively  inexpensive  method  and  is 
easily  applied. 

For  oat,  barley  and  wheat  smuts  a  mixture  of  one  pound  or 
pint  of  formalin  to  forty  gallons  of  water  will  be  effectual.  We 
have  used  one  pound  to  thirty-five  gallons  of  water  without  injury. 
One  pound  of  formalin  used  in  the  proportion  given  will  treat  from 
forty  to  fifty  bushels  of  grain. 

Application. — Either  the  dipping  or  sprinkling  method  ma}'  he 
used  with  good  results  and  the  method  chosen  will  depend  upon 
the  facilities  at  hand  for  doing  the  work. 
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Sprinkling  Metltod. — May  be  used  where  floor  space  or  a  num- 
ber of  sheets  are  available.  The  grain  should  be  spread  out  thin 
and  the  moisture  applied  with  a  common  watering  can,  while  the 
grain  is  being  constantly  sboveled  to  insure  a  thorough  applica- 
tion, upon  which  the  eflectiveness  depends.  After  a  thorough 
application  has  been  made,  the  grain  should  be  heaped  and 
allowed  to  stand  for  two  hours  before  being  spread  to  dry. 

Dipping  Metiiod. — This  is  the  most  sure  as  the  application  is 
likely  to  be  the  most  perfect.  The  sacks  containing  grain  can  be 
immersed  in  a  barrel  or  trough  containing  the  mixture.  The  grain 
should  be  allowed  to  remain  in  the  sacks  at  least  two  hours  before 
being  spread  to  dry.  In  both  cases  the  grain  should  be  dried 
perfectly,  except  when  sown  immediateh-  after.  In  all  cases  the 
.  sacks  should  be  treated.  With  wheat  it  is  onlv  necessary  to  wet 
the  outer  surface  of  the  grain,  but  with  oats  and  barley-,  the  appli- 
cation should  be  made  to  penetrate  the  hulls,  where  spores  may 
haye  found  lodgment.  This  is  accomplished  bx-  immersing  for  a 
few  minutes  and  then  allowing  the  grain  to  stand  in  the  sacks  as 
directed,  or  in  a  pile  if  sprinkled. 

Formalin  has  also  been  successfully  used  for  potato  scab  b^- 
immersing  the  uncut  seed  for  from  one  to  two  hours  in  a  mixture 
of  one  pound  of  formalin  to  thirty  gallons  of  water. 

Formalin  is  also  known  as  formaldehyde  and  formic  aldehyde. 
It  is  a  powerful  germ  destroyer  and  an  extremely  actiye  substanccv 
It  is  sold  in  the  liquid  form  at  about  fifty  cents  per  pound  and  can 
be  secured  in  most  of  the  drug  stores  of  the  State.  We  cannot 
urge  its  use  too  strongly.  Farmers  in  the  ^^icinity  of  Bozeman« 
who  have  used  formalin,  report  favorably. 


i"*i*        ........ .  ^...^ 


WASTE  PRODiXrrS  OF  WESTERN  FARrtS  HAY  BECOTIE  A  SOURCE  OF 
PROFITABLE  GAIN  TMROUOH  THE  USE  OF  LIVE  STOCK. 


.\Uer  the  season  of  harvest  is  past,  the  work  of  threshing 
completed  and  the  crops  removed  for  storage  or  shipment,  large 
quantities  of  food  priKlucts  still  remain  on  the  western  farm. 
While  the  ent>rmous  crojjs  of  grain  are  Ixmui;  secured,   there  is 
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always  some  loss  occuring  during   the   process    of  harvesting, 
handling  and  threshing,  thus  leaving  some  grain  on  the  fields  of 
even  the  most  careful  farmer.     These  losses  are  due  to  the  falling 
of  many  heads  of  grain  from  the  sheaf  in  harvesting  or  subsequent 
handling;  or,  because  of  their  plumpness  and  weight,  some  break 
loose  from  the  stem  and  are  lost;  in  other  cases,  again,  innumer- 
able grains  ** shatter  out"  and  fall  to  the  ground  as  the  result  of 
climatic  effects  peculiar  to  the  arid  west.    Thus,  it  follows  that 
much  grain  remains  on  the  stubble  field.     It  is  to  these  we  refer  as 
**  waste  products,**  and  such  they  are,  unless  recovered  and  con- 
verted into  a  marketable  product.    And  it  is  through  the  use  of 
live  stock  onl3''  that  they  can  be  turned  to  profitable  account. 

In  addition  to  the  grains  left  among  the  stubble,  the  meadows 
or  clover  fields  provide  a  late  growth,  which  may  be  used  by  some 
kind  of  stock.  Then  there  are  always  some  weeds  and  grasses, 
found  bordering  along  ditches,  fences  and  roads,  which  can  be 
made  use  of. 

On  the  majority  of  western  farms  no  return  is  secured  from 
these  so-called  waste  materials,  except  such  as  is  picked  up  by  a 
few  swine  on  an  occasional  ranch.  The  greater  portion  of  this 
material  is,  however,  generally  lost. 

In  securing  lambs,  prior  to  the  time  of  winter  feeding,  the 
Montana  Experiment  Station  was  enabled  to  obtain  data  which 
gives  valuable  information  relating  to  the  relative  capabilities  of 
cattle,  sheep  and  swine,  to  utilize  the  waste  products  of  the  farm 
and  also  the  return  which  could  be  secured  from  it. 

After  the  crop  had  been  secured,  one  hundred  and  twelve  acres 

of  the  Station  farm  became  available  as  a  run  for  stock.    This 

area  consisted  of  stubble  from  14  acres  of  oats,  7  acres  wheat,  10 

acres  barley,  12  acres  field  and  garden  peas,  4  acres  plat  grain,  4 

acres  grain  hay  and  4  acres  root  and  potato  ground.    The  balance 

comprised  57  acres  clover  stubble,  5  of  which  had  been  pastured 

closely  throughout  the  season  and  two  cuttings  removed  from  the 

remainder.    The  barley  and  wheat  stubble  grounds  both  possessed 

good  stands  of  clover. 

On  October  4th,  11  yearling  steers,  8  Jersey  heifers,  3  colts 
and  25  pigs  were  given  access  to  the  fields.  And  on  October  15th 
230  lambs  were  added.  This  stock  continued  on  the  fields  until 
November  15th. 
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The  11  yearling  steers  were  put  on  the  fields  at  a  weight  of 
8,613  pounds,  averaging  783  pounds.  They  were  removed  to  the 
feed  yards  on  November  15th,  weighing  9,060  pounds,  with  an 
average  of  823.  During  the  42  days,  these  steers  required  3,344 
pounds  hay,  because  of  frosts  and  storm,  in  addition  to  the  waste 
materials  consumed.  Therefore  the  447  pounds  gain  made  by  the 
steers,  at  4V2  cents  a  pound,  is  worth  $20.11,  which  sum,  minus 
the  hay  consumed,  viz. :  3,344  pounds  at  $6.00  per  ton,  gives  a 
profit  of  $10.08  gain  from  the  steers,  from  increase  in  weight,  in 
addition  to  food  required  for  maintenance. 

The  230  lambs  went  on  the  fields  on  October  15th,  weighing 
11,699  pounds  with  an  average  of  50.86  pounds.  On  November 
loth  these  were  removed  to  the  feed  lots,  after  having  weighed 
13,948  pounds,  averaging  60.64  pounds.  We  therefore  have  a 
total  increase  of  2,249  pounds  of  mutton,  or  9.78  pounds  per 
head.  The  increase  of  2,249  pounds,  at  5  cents,  gives  a  return  of 
$112.45,  minus  1,100  pounds  clover  hay  at  $6.00  per  ton,  leaving 
a  clear  profit  of  $109.15  from  the  lambs  consuming  waste  farm 
products. 

The  24  pigs,  consisting  of  Berkshire  and  Poland  China  sows 
and  3' oung  stock,  were  turned  on  the  stubble  fields  on  October  4th. 
They  then  gave  a  total  weight  of  2,731  pounds,  averaging  113.79 
pounds,  including  all  ages. 

On  November  15th,  these  pigs  were  prevented  from  securing 
further  supplies  from  the  fields  by  severe  weather.  They  were  then 
found  to  weigh  3,608  pounds,  an  increase  of  877  pounds  over  the 
weight  at  the  time  of  going  on  the  stubble.  During  this  time  410 
pounds  of  barley  meal,  at  60  cents  per  cwt.,  was  fed  in  time  of 
storm,  amounting  to  $3.28.  The  877  pounds  gain,  at  5Vi  cents 
per  pound,  gives  a  return  of  $46.04,  which  sum  minus  the  value  of 
the  food  fed,  amounting  to  $3.28,  leaves  a  clear  profit  of  $42.76 
from  the  25  pigs  while  consuming  waste  grain.  And  this  is,  of 
course,  over  and  above  the  food  required  for  maintenance. 

We  regret  that  data  was  not  secured  relating  to  the  colts  and 
and  Jersey  cattle. 

From  a  financial  standpoint,  a  clear  profit  of  $161.99  was 
obtained  from  the  cattle,  sheep  and  swine,  as  follows:  $109.15 
from  230  lambs,  $10.08  from  11  steers  and  $42.76  from  25  pigs. 
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Nor  is  this  all*  for  no  account  is  made  of  the  value  of  the  waste 
products  secured  and  used  for  maintenance  of  the  animals.  We 
have  considered  only  the  value  of  the  actual  pounds  of  flesh 
produced,  and  have  also  given  credit  for  the  supplementary  food 
used. 

Attention  is  called  to  the  percentage  rate  of  increase,  in 
pounds,  of  cattle,  sheep  and  swine  feeding  on  waste  materials, 
including  the  supplementary  foods  fed.  As  the  original  weight  of 
the  steers  was  3,613  pounds,  and  447  pounds  increase  was  made, 
the  percentage  rate  of  increase  was  5.19  per  cent.  The  original 
weight  of  the  lambs  being  11,699  pounds,  and  the  increase  made 
2,249  pounds,  the  percentage  rate  of  increase  was  19.2  per  cent. 
In  the  case  of  the  swine  an  increase  of  877  pounds  was  added  to 
the  original  weight  of  2,731  pounds,  giving  a  percentage  increase 
of  32.1  per  cent.  The  3,344  pounds  of  hay  fed  to  the  11  steers 
was  just  sufficient  to  supply  their  needs  12  days  out  of  the  42 ;  the 
1,100  pounds  of  clover  fed  the  230  lambs  during  the  month  was 
used  during  a  stormy  period  of  2V2  days.  The  410  pounds  barley 
meal  was  required  by  the  pigs  during  a  similar  stormy  period 
when  they  were  of!'  the  fields.  In  the  case  of  the  lambs  the  hay 
fed  would  not  account  for  more  than  100  pounds  increase,  and  the 
grain  fed  to  the  hogs  not  more  than  70  pounds.  • 

These  results  show  conclusively  that  sheep  and  pigs,  both 
being  close  feeders,  are  better  able  to  recover  the  waste  products 
of  the  farm  than  cattle.  And  that  the  three  can  be  used  together 
to  best  advantage.  That  under  the  conditions  described,  steers 
are  enabled  to  maintain  themselves  for  a  long  period,  but  the 
gains  will  not  be  great.  While  the  pig  secures  most  of  the  fallen 
grain,  the  sheep,  with  appetite  suited  to  a  limitless  variety,  gleans 
from  all  sources  alike,  securing  grain,  grass,  weeds  and  late 
pasture  growths. 

The  sole  benefit  is  not  derived  entirely  from  a  monetary  stand- 
point, but  from  the  most  thorough  cleaning  which  the  farm 
receives,  especially  from  the  sheep,  which  does  the  work  of  the 
scavenger  in  handsome  fashion.  They  more  than  pay  their  way 
by  the  weed  seeds  which  the}'-  destroy.  There  are  few  plants  that 
the  sheep  will  not  eat  if  allowed  access  to  them  before  they  become 
dead  and  wood3\      And  any  weed  seeds  consume.d  b}-  them  do  not 
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escape  being  destroyed.  While  the  pigs  secured  their  food  mostly 
from  shattered  peas  and  wheat,  the  lambs  consumed  all  classes  of 
waste  grain  and  vegetation.  During  the  time  the  stock  was  on 
the  fields  55  acres  of  the  tract  was  plowed,  as  late  as  possible,  for 
spring  sowing  beginning  first  with  those  possessing  least  food. 

Where  clover  can  be  grown,  sheep  can  be  used  most  advantag- 
eously in  gathering  the  waste  products  of  the  farm.  Coming  from 
the  scant  range  they  are  thus  prepared  to  go  on  winter  feed  in  good 
form.  Strange  to  say,  no  losses  have  occured  during  two  seasons 
from  sheep  and  lambs  grazing  on  frozen  pastures,  even  though 
death  from  bloating  has  caused  serious  loss  earlier  in  the  season. 
This  experience,  with  regard  to  late  grazing  on  clover,  is  also  sup- 
ported by  that  of  others  in  the  valley.  Contrary  to  eastern 
experience  our  clover  pastures  come  out  in  better  form  in  the 
spring  when  grazed  oflF  late  in  the  fall.  Luxuriant  growths  re- 
maining on  the  fields  seem  to  cause  smothering  or  winter  killing. 
The  fields  are  also  benefitted  by  the  return  of  much  fertilizing 
material. 

As  the  result  of  utilizing  the  **  waste  products''  of  112  acres 
on  a  Montana  farm,  by  the  means  of  live  stock,  we  have  a  clear 
profit  of  $161.99  or  $1.44  per  acre  over  and  above  the  value  of  the 
food  secured  by  the  animals  and  required  for  maintenance.  And 
And  these  profits  resulted  practically  without  any  expenditure  for 
labor.  If  all  the  waste  products  of  western  farms  were  thus 
utilized  they  would  become  a  source  of  revenue  of  great  magni- 
tude. The  best  financial  successes  result  from  securing  all  the 
revenue  obtainable  Irom  these  apparently  worthless  and  insignif- 
icant sources. 


FATTENINQ  LAHBS  ON  CLOVER  IN  GALLATIN  VALLEY. 


The  Gallatin  valley  has  long  been  famous  for  the  production  of 
brewing  barley,  wheat  and  oats,  of  unsurpassed  quality.  The 
conditions  giving  rise  to  such  favorable  results  have  been  known 
to  find  their  source  in  a  deep,  rich,  easily  worked  soil,  with  an 
abundance  of  water  for  irrigation,  and  cUmatic  conditions  which 
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bring  all  the  forces  of  nature  into  harmony  in  the  perfect  develop- 
ment of  these  products.  But  while  the  production  of  these  grains 
is  unsurpassed,  both  in  quantity  and  quality,  the  same  conditions 
which  favor  their  growth  produces  marvelous  results  in  the  pro- 
duction of  clover.  As  the  result  of  experiments  along  this  line,  the 
Experiment  Station  has  secured  much  valuable  data  relating  to 
the  growth  of  clover,  its  effect  on  the  fertility  of  the  land,  and 
utility  as  a  food  factor.  These  fact«  will  appear  in  future  publica- 
tions. And  while  the  Station  most  earnestly  advocates  the 
growth  of  clover  in  Gallatin  valley,  the  constantly  increasing  area 
has  lead  to  another  important  question,  viz :  The  most  economic 
use  which  can  be  made  of  clover  in  order  to  secure  the  greatest 
possible  return  from  it. 

Two  years  ago  experiments  were  conducted  in  lamb  feeding,  in 
Avhich  alsike,  red  clover,  and  alfalfa  were  the  chief  foods  used. 
Careful  comparison  showed  these  three  to  possess  feeding  value  in 
the  order  named,  though  with  slight  differences  in  any  case.  So 
that,  what  hereinafter  is  said  of  red  clover,  and  its  feeding  value 
will  apply  much  the  same  to  alsike  and  alfalfa.  During  the  last 
winter  season,  comparative  results  were  obtained  from  the  fatten- 
ing of  lambs  on  clover  alone,  with  those  receiving  both  clover  and 
grain.  These  results  have  been  so  satisfactory,  both  by  way  of 
quantity  and  quality  of  product  and  financial  return,  that  as  the 
harvest  season  of  1900  closes,  with  innumerable  clover  stacks 
dotting  the  valley,  we  feel  that  the  results  of  our  work  may  at 
least  offer  some  suggestions  regarding  the  use  of  clover  in  mutton 
production. 

On  December  12th,  1899,  60  lambs  were  started  on  a  90  da^' 
feeding  test.  These  were  divided  into  three  lots  of  20  each ;  lot  (1 ) 
received  clover  and  wheat,  lot  (2)  clover  only,  and  lot  (3)  clover 
and  oats.  Within  this  period  of  90  days,  the  lambs  feeding  on 
clover  alone,  consumed  an  average  amount  of  3.16  pounds  per 
head,  per  day.  The  two  lots  receiving  an  average  of  .93  pounds 
wheat  and  oats  respectively  per  head  each  day,  consumed  only 
2.14  pounds  clover. 

The  gains  made  during  the  90  days  were  as  follows :  Lot  (1), 
fed  clover  and  wheat,  30  pounds  each;  lot  (2),  clover  only,  24.3 
pounds ;  lot  (3),  clover  and  oats,  31.75  pounds  each.    Considering 
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the  fact  that  nearly  a  pound  of  grain  was  fed  to  each  lamb,  per 
day,  to  two  of  the  lots,  the  showing  made  by  clover  ^lone  is 
remarkably  good.  With  lambs  of  the  range  type,  feeders  seldom 
reach  a  gain  of  ten  pounds  per  head,  per  month,  when  both  hay 
and  grain  are  used.  The  two  lots  receiving  grain  and  clover  also 
had  a  slight  advantage  from  the  use  of  a  small  allowanqe  of  roots. 

Cost  of  Feeding, — The  clover  hay  was  charged  up  at  $6.00  per 
ton,  damaged  wheat  at  40  cents  per  cwt.,  and  oats  at  90  cents  per 
cvvt.  At  this  rate  the  cost  of  food  for  each  of  the  three  pens  of 
20  each,  for  90  days,  was  as  follows :  Lot  (1),  clover  and  wheats 
$19.38;  lot  (2),  clover  only,  $17.21;  lot  (3),  clover  and  oats,  $27.95. 
The  total  gains  per  ton,  in  order,  above  given,  were:  Lot  (1),  601 
pounds;  lot  (2),  486  pounds;  and  lot  (3),  635  pounds.  Considering 
these  gains,  and  the  cost  of  foods,  the  clover  and  wheat  ration 
produced  mutton  at  a  cost  of  $3.22  per  cwt.  increase,  clover  alone 
$3.54,  and  the  clover  and  oats  $4.30.  These  results  show  con- 
clusively that,  though  clover  alone  did  not  give  absolutely  the 
most  rapid  or  cheapest  increase,  still,  there  was  little  difference 
between  it  and  the  clover  and  wheat  ration,  and  that  satisfactorv 
gains  and  financial  returns  can  be  obtained  from  the  clover  alone. 
They  also  show  that  oats  at  the  price  charged,  cannot  be  profit- 
ably used  except  in  small  quantities. 

The  profits  derived  from  these  three  methods  of  feeding,  at  the 
end  of  90  davs,  were : 

Net  profit  per  head,  from  lambs  fed  clover  and  wheat 96  <fts. 

**        **        *»        *»         **         '*         *»        '*       only 82    ** 

and  oats 62    '' 

The  lambs  were  bought  at  $3.00  each  and  sold  at  the  rate  of 
$4.68  per  cwt.,  live  weight.  We  conclude  from  the  results  of  No. 
1,  that  cheap  grains,  otherwise  unsalable,  can  be  Used  to  good 
advantage  along  with  clover  for  fattening  lambs,  and  also,  that 
while  the  clover  alone  gave  good  results,  we  believe  that  where 
possible  a  small  amount  of  grain  fed  with  it,  will  increase  the  gain 
and  add  to  the  quality,  but  large  quantities  are  not  necessary  with 
the  qualit}'-  of  clover  here  produced.  From  the  data  obtained  it 
was  found  that  11.8  pounds  of  clover  was  required  to  maintain 
the  animal  and  produce  a  pound  of  gain.  Thus  one  ton  of  clover 
produced  169.5  pounds  of  mutton,  which,  at  the  selling  price  of 
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$4.68  per  cwt.  was  worth  $7.93.  Is  this  not  a  good  market  value 
for  one  ton  of  clover  hay  ?  Is  it  possible  to  dispose  of  it  to  better 
advantage  in  any  other  way? 

The  necessity  of  securing  the  proper  type  of  lambs  for  feeding 
is  very  important.  During  the  past  two  seasons,  comparative 
results  have  been  secured  by  feeding  lambs  of  the  mutton  type,  and 
wool  producing  kind  by  similar  methods.  Those  of  the  mutton 
type  used,  contained  a  large  percentage  of  Shropshire  blood.  They 
were  large  framed  and  strong  boned,  cylindrical  of  form,  possess- 
ing broad  evenly  fleshed  backs,  with  good  width  at  brisket,  chest, 
and  shoulders.  The  other  class,  composed  of  Merino  grades,  were 
almost  the  reverse  as  to  general  form  and  quality.  The  compact 
lamb,  of  the  former  class,  carrying  a  large  quantity  of  natural 
flesh,  when  fed  on  an  expensive  ration  of  clover  and  oats,  produced 
100  pounds  gain  at  a  cost  of  $4.39  per  cwt.,  while  those  of  the 
inferior  type,  using  the  same  kind  of  food,  in  the  same  amount, 
cost  $4.65  per  cwt.  increase.  The  lambs  of  the  mutton  type 
required  over  one-half  pound  less  clover  to  each  pound  of  increase. 

The  results  obtained  lead  us  to  conclude  that,  with  the  condi- 
tions which  Gallatin  valley  presents,  the  possibilities  for  mutton 
production  are  unparalleled,  for  in  the  first  place,  the  best  foods 
can  be  grown  abundantly,  and  secondl3'',  we  have  the  stock  near 
at  hand  to  consume  it.  Individual  acres  of  clover,  grown  at  the 
Experiment  Station,  for  three  successive  years  produced  over  one 
and  one-half  tons  of  hay,  at  from  119  to  133  days  from  date  of 
sowing. 

During  the  season  just  closed,  a  field  of  7.26  acres  produced,  at 
two  cuttings,  a  total  of  35  tons  1,451  pounds  of  well  cured  clover 
hay.  And  while  this  food  can  be  produced  in  such  great  abund- 
ance, it  has  the  advantage  of  possessing  a  large  percentage  of 
those  nitrogenous  compounds  or  flesh  formers  which  the  eastern 
feeder,  who  relies  chiefly  on  com  or  screenings,  cannot  buy.  The 
clover  produces  a  much  better  quality  of  meat  than  the  starchy 
foods,  such  as  screenings,  com,  barley,  etc.,  and  this  vAW  apply  to 
beef  and  dairy  productions  as  well. 

While  the  production  of  clover,  and  its  conversion  into  mutton 
is  desirable,  this  need  not  interfere  w^ith  the  grain  output.  On  the 
contrary,  clover  must  materially  assist  the  grain  producer,  taking 
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the  place,  as  it  is,  of  the  vast  summer  fallow  area.  We  therefore 
have  the  clover  for  feeding  purposes  without  decreasing  the  grain 
area. 

The  question  of  the  disposal  of  finished  mutton  is  one  which 
confronts  us  in  a  serious  way,  as  the  local  demand  does  not  require 
but  a  limited  quantity.  It  is  the  purpose  of  the  Experiment 
Station  to  fatten  a  car  load  each  of  lambs  and  steers,  for  shipment 
to  Chicago  in  the  early  spring.  Several  others  have  also  signified 
their  intention  of  feeding  in  time  to  join  this  experimental  ship- 
ment. We  have  found  that  it  will  pay  to  feed  lambs  from  70  to  90 
days  and  steers  at  least  120. 

Results  justif\'  conclusions  to  the  effect  that  mutton  can  be 
successfully  produced  on  clover  alone,  though  the  use  of  a  small 
grain  allowance  is  desirable  especially  because  of  its  ultimate  effect 
on  qualit3\  Where  clover  or  alfalfa  may  have  been  damaged  and 
unsaleable,  it  cannot  be  used  in  a  better  way  than  as  a  sheep  food. 
We  cannot  urge  too  strongly  the  growth  of  clover  in  Gallatin 
vallc}^  and  its  subsequent  conversion  into  mutton. 

What  has  been  said  of  the  clover  and  Gallatin  valley  condi- 
tions, will  apply  in  much  the  same  way  to  the  numerous  alfalfa 
regions  of  Montana. 
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CHEMICAL  DEPARTMENT, 


F.  W.  Traphagen,  Chemist. 

The  usual  lines  of  work  have  been  carried  on  by  this  depart- 
ment during  the  past  twelve  months.  A  considerable  amount  of 
time  was  given  to  an  examination  of  the  condition  of  the  foods 
found  in  our  market  and  a  resume  of  the  results  is  introduced  here. 
A  detailed  report  of  this  work  has  been  published  in  the  Biennial 
Report  of  the  Bureau  of  Agriculture,  Labor  and  Industry, 

Much  interest  has  been  manifested  in  this  w^ork  and  numerous 
newspaper  articles  have  been  written,  and  addresses  given  in  an 
effort  to  better  conditions  by  arousing  public  sentiment  and 
securing  the  enactment  of  proper  legislation  for  the  protection  of 
our  citizens.  Through  the  efforts  of  Senator  HoflFman  a  bill  was 
introduced  into  the  legislature  at  its  last  session  and  its  passage 
through  the  Senate  secured.  The  activity  of  a  lobby  of  grocers, 
mainly  from  Butte,  caused  the  defeat  of  the  bill  in  the  House  of 
Representatives,  not,  however,  without  the  disapproval  of  a  large 
number  of  our  best  citizens. 

It  is  to  be  hoped  that  funds  will  be  found  for  the  purchase  of 
another  series  of  samples  to  be  used  as  an  object  lesson  in  another 
campaign  for  protection. 

RESULTS  OF  FOOD  EXAMINATION. 

Found  Not  Found 
Adulterated.    Adulterated. 

Canned  Vegetables 6  25 

Soups 5  9 

Tomato  Catsups 12  0 

Jams,  Jellies  and  Preserves 26  0 

Cereal  Breakfast  Foods 0  30 

Baking  Powders 9  6 

Flour 0  18 

Miscellaneous  Foods 15  13 

Vinegars 21  6 
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The  sugar  beet  investigations  of  the  past  season  have  not  been 
at  all  satisfactory.  Because  of  changes  in  the  administration  of 
this  part  6f  our  work,  seed  was  not  sent  out  sufficiently  early  to 
secure  active  co-operation  on  the  part  of  our  farmers  and  very  few 
reported  having  planted- 

This  season  we  have  projected  the  most  general  test  yet  carried 
on,  and  every  agricultural  section  of  the  State  will  be  represented 
in  the  trials.  The  seed  has  been  sent  out  sufficiently  early  to  secure 
the  benefit  of  planting  as  soon  as  conditions  permit  and  the  results 
should  be  of  considerable  value. 

On  the  Bitter  Root  Stock  Farm,  near  Hamilton,  Mont.,  the 
most  systematic  series  of  experiments,  yet  made  within  the  State* 
are  being  carried  on.  Small  tracts  selected  at  different  points  on 
the  farm  have  been  chosen,  affording  a  great  variety  of  soil  and 
conditions.  Sugar  beets  are  being  grown  on  these  plats  under  the 
direction  of  a  skilled  sugar  beet  culturist  from  Utah,  and  will  be 
handled  far  better  than  they  ever  have  been  in  this  State.  Hereto- 
fore the  crop  has  been  grown  incidentally,  usually  merely  as  a 
favor  to  the  Experiment  Station,  and  has  received  attention  when 
everything  else  has  been  looked  after.  While  we  greatly  appreciate 
the  assistance  we  have  received  from  co-operating  farmers,  it  is  no 
less  true  that  sugar  beets  have  been  greatly  neglected  in  the  past 
and  the  excellent  results  previously  obtained  have  been  in  spite  of 
very  unfavorable  conditions. 

Besides  the  tests  above  mentioned,  through  the  efforts  of  Hon. 
W.  A.  Clark,  seed  has  been  widely  distributed  throughout  the 
valley  of  Clark*s  Fork  of  the  Yellowstone  river,  and  a  new  field 
will  be  studied  here.  There  is  little  doubt  that,  if  the  results  of  the 
present  season  are  satisfactory,  a  beet  sugar  factory  will  be  estab- 
lished at  some  point  within  the  State.  This  means  much,  not  onlj'- 
to  the  favored  community,  but  to  the  State  at  large. 

In  connection  with  our  study  of  the  alkali  problem  we  have 
been  making  a  series  of  experiments  to  determine  the  limit  of 
tolerance  for  alkali  of  our  different  crops.  These  tests  have  been 
very  satisfactory  and  serve  to  show  that  there  are  very  few  places 
in  our  State  where  the  alkali  alone  is  in  sufficient  quantity  to 
prohibit  the  growth  of  our  usual  crops.  A  number  of  interesting 
points  have  been  noted  in  this  investigation,  which  will  be  pre- 
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sented  in  a  bulletin  soon  to  be  issued.  Successive  series  of  experi- 
ments have  been  planned  with  various  plants,  which,  taken  in 
connection  with  our  analysis  of  the  soil  of  different  sections,  will 
enable  us  to  prescribe  the  crop  most  likely  to  succeed  in  any 
instance. 

Pot  experiments  have  been  instituted  to  determine  the  best 
methods  of  handling  such  soils  as  resist  ordinary  methods  of 
treatment.  The  effects  of  tailings  and  tailings  waters  from  the 
copper  smelters,  upon  hay  and  grain  crops,  have  been  carefully 
studied  and  the  results  will  be  embodied  in  a  bulletin  to  be  issued 
soon.  It  mav  be  said  that  the  conclusion  was  reached  that 
chemically  there  has  no  evil  resulted  from  the  presence  of  metals 
in  solution  and  that  the  mechanical  effects  are  the  same  as  would 
come  from  the  presence  of  the  same  amount  of  sand  or  clay  under 
similar  conditions. 

A  resume  of  the  anaWtical  work  shows  the  following  as  the 

work  of  the  year  : 

Soils 285 

Foods 201 

Water 10 

Milk,  etc 4 

Butter 12 

Beets 7 

Coal 8 

Miscellaneous , 36 

Total : 563 
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BOTANICAL  DEPARTMENT- 


J.  W.  Blankinship,  Botanist. 

The  work  of  the  botanist  during  the  past  year  has  been  con- 
fined chief!}''  to  a  study  of  the  weeds  of  the  State  and  the  prepara- 
tion of  a  summary  of  our  knowledge  of  the  same,  issued  as 
Bulletin  No.  30  of  this  Station,  and  a  continuation  of  the  study  of 
the  plants  poisonous  to  stock  and  the  conditions  under  which 
that  poisoning  usually  occurs.  Unfortunately  the  field  work 
could  not  begin  until  June  1,  after  the  main  period  of  poisoning 
was  over,  so  that  relatively  few  cases  could  be  investigated 
immediately  after  the  poisoning  occurred.  Nevertheless,  through 
the  co-operation  of  the  various  railways  traversing  the  State, 
a  large  amount  of  data  was  accumulated  and  the  distribution  of 
the  plants  chiefly  concerned  was  largely  determined. 

In  addition  to  this  work  a  considerable  number  of  plants  sent 
in  for  identification  have  been  determined  and  more  than  a  thous- 
and specimens  have  been  added  to  the  herbarium,  among  which 
was  a  set  of  the  grasses  of  the  United  States  from  the  Division 
of  Agrostology  at  Washington. 


A  NATIVE  HEDGE  PLANT. 


Hedges  are  desirable  in  every  country  not  only  for  their  per- 
manent utility  in  fencing  yards  and  fields,  but  also  for  their 
ornamental  value.  As  yet  no  plant  has  come  into  general  use  in 
Alontana  for  this  purpose,  but  a  series  of  independent  experiments 
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have  been  made  in  various  parts  of  the  State  to  utilize  the  buffalo- 
berry  shrub  (Shepherdm  argenteay  Nutt.)  for  this  purpose,  and, 
while  not  fullv  successful,  the  results  seem  to  show  that  with 
proper  care  the  plant  can  probabl3''  be  made  to  answer  the  pur- 
pose. 

Shepherdia  argcntea,  Nutt.  grows  in  the  lowlands  along 
streams  throughout  the  Great  Plains  region  from  Manitoba  and 
Kansas  west\^ard  to  the  mountains  and  in  the  Great  Basin  to  the 
Sierra  Nevada  range.  In  Montana  it  is  found  in  more  or  less 
abundance  east  of  the  Divide,  along  the  Missouri,  Yellowstone 
and  their  tributaries,  often  forming  dense  impenetrable  thickets  in 
the  lowlands.  It  is  a  shrub,  or  small  tree,  rarely  exceeding  25  feet 
in  height  and  a  diameter  of  5  or  6  inches,  with  widely  spreading, 
tough  and  thorny  branches  and  bearing  a  densecluster  of  pale  red, 
rarely  yellow,  berries,  ripening  in  autumn  and  having  a  sharp  acid 
flavor,  esteemed  for  jelly-making,  for  which  the}'^  are  extensively 
used. 

Although  the  plants  grow  naturally  only  in  the  low  ground, 
there  is  no  reason  why  they  should  not  be  made  to  grow  wherever 
the  roots  can  be  kept  moist  by  irrigation  in  the  plains  or  valleys  in 
any  part  of  the  State.  The  following  gentlemen  give  the  results  of 
their  experiments  with  the  buffalo-berry  plant  for  the  benefit  of 
others  who  mav  care  to  continue  the  work. 

Mr.  John  Matheson,  living  8  miles  east  of  Chinook  in  the  Milk 
river  valley,  writes  ( December  21,  1900)  as  follows : 

**The  buffalo-bush  hedge  was  planted  three  years  ago  as  an 
experiment  and  seems  to  answer  the  purpose.  It  grows  in  alkali 
land,  stands  the  climate  and  bears  trimming.  It  is  not  a  very  fast 
grower  and  it  will  take  about  6  years  before  it  can  be  depended  on 
for  a  fence.  I  tried  to  grow  the  plants  from  the  seed,  but  failed, 
owing  to  the  place  being  flooded  in  the  spring.  The  plants  should 
be  reset,  when  not  more  than  six  inches  high,  in  a  double  row 
about  twelve  inches  apart  each  wa}'.  The  cost  of  such  a  fence  will 
not  exceed  50  cents  a  rod.  The  Osage  orange  will  not  grow;  I 
tried  it  and  failed.'' 

Mr.  Olney  Taylor,  of  the  State  Board  of  Horticulture,  has 
performed  a  similar  experiment  at  Park  Cit}^  on  the  Yellowstone 
and  gives  his  conclusions  (Xovember  12,  1901)  as  below: 
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**  In  regard  to  the  buffalo-berry  as  a  hedge  plant  I  will  say  that 
my  experience  with  it  is  rather  limited.  A  few  years  ago  I  planted 
some  seeds  along  the  road,  which  grew  well  and,  if  they  had  been 
properly  pruned,  I  think  would  have  made  a  good  hedge,  but  they 
have  been  allowed  to  grow  naturally  and  are  tall  and  not  as  thick 
as  they  should  be.  The  greatest  objection  I  have  to  them  is  that 
they  sprout  quite  badly  where  the  ground  is  cultivated  near 
them/* 

Mr.  A.  M.  Crawford,  of  Billings,  is  another  who  has  tried  the 
plant  for  this  purpose  and  writes  under  date  of  November  13, 1901: 

**  The  buffalo-berry  makes  a  beautiful  and  effective  hedge.  The 
land  should  be  in  good  tillable  condition  before  planting.  If  new 
ground,  a  strip  about  four  furrows  wide  and  two  furrows  deep — 
as  deep  as  the  plow  can  be  made  to  run — should  be  prepared  in  the 
fall  for  early  spring  planting.  While  the  buffalo-berry  is  native 
along  our  river  bottoms,  I  find  that  the  young  plants  can  be 
readily  established  on  uplands,  but  with  difficulty  on  low,  soggy 
ground ;  and  that,  while  in  the  former  position  they  must  be  care- 
fully irrigated,  in  the  latter  they  are  likely  to  get  in  a  way  trouble- 
some brush.  One  more  weaving  and  you  have  a  hedge  that  cattle, 
and  even  boys,  are  willing  to  let  alone.  From  this  time  on  it  is  a 
question  of  neatness  and  the  pruning  shears.  The  work  of  \veav- 
ing  can  be  greatly  facilitated  by  having  smooth  wires  at  stated 
intervals  under  which  to  bend  the  young  wood.'* 

The  buffalo-berry  will  not  grow  in  the  foothills  above  3,000 
feet  altitude,  but  it  maybe  possible  to  utilize  the  black  and  red  haw 
(Cratiegus  coccinca,  L.  and  C.  Donglasii,  LindL),  which  take  its 
place  in  those  situations  and  grow  in  abundance.  For  ornamental 
hedges  the  barberr^^  {Berberis  Canadensis,  Push  and  B.  vulgaris, 
L.)  and  the  privet  {Ligustrum  vulgar^,  L.)  ma3'  well  be  employed 
as  they  are  perfectly  hard}'  in  most  situations  below  5,000  feet  and 
have  been  grown  successfully  in  the  gardens  of  the  Station  at 
almost  that  altitude. 
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THE  "ARCTIC  BERRY"  FRAUD, 


For  a  number  of  years  a  man,  with  a  camping  outjfit,  has  been 
canvassing  various  parts  of  the  State  selh'ng  a  so-called  ** Arctic 
berry/'  taking  orders  throughout  a  particular  section  during  the 
spring  and  summer  and  delivering  the  plants  in  the  fall.  He 
exhibits  a  number  of  the  **  berries  '"  preserved  in  a  liquid  in  a  bottle 
and  they  are  said  to  have  a  very  attractive  appearance,  being 
^*  three  times  the  size  of  a  strawberry  and  with  the  color  of  an 
orange.'*  He  claims  the  fruit  is  of  his  own  production,  resulting 
from  crosses  between  a  number  of  berries  of  which  the  huckleberr3% 
sarvice  berry,  strawberry,  wild  cherry  and  several  other  unnamed 
species,  play  a  part,  the  whole  combining  to  form  the  wonderful 
fruit  then  exhibited.  He  claims  the  fruit  was  first  grown  by  him- 
self in  Idaho,  and  is  now  cultivated  successfully  in  the  Gallatin 
valley,  near  Bozeman.  From  reports  it  seems  that  this  plausible 
gentleman  has  **  worked"  a  great  part  of  the  State,  including  the 
region  about  Great  Falls,  the  Gallatin  valley  and  the  Madison 
river  and  spent  the  summer  of  1901  in  Sweet  Grass  and  Carbon 
counties.  The  matter  was  called  to  the  attention  of  the  Station 
in  time  to  advertise  the  fraud  in  the  newspapers  before  the  delivery 
of  the  *' berries  "  and  relativel3^  few  were  disposed  of.  It  was  then 
stated  that  any  man  knowingly  making  such  statements  as  those 
attributed  to  him  in,  regard  to  the  origin  of  the  fruit  in  question, 
was  a  fraud  and  subject  to  prosecution  under  the  laws  of  the 
State,  and  he  was  asked  to  submit  some  of  the  fruit  and  plants  to 
this  Station  that  we  might  pass  upon  the  value  of  this  remarkable 
hybrid.  Notice  was  also  given  in  all  the  Bozeman  papers  for 
information  in  regard  to  this  new  plant,  from  anyone  cultivating 
it  in  this  vicinity,  but  no  responses  have  been  received  either  from 
the  agent  or  from  an}^  successful  grower,  for  all  the  plants  sold  in 
this  vicinity  are  either  dead  or  killed  down  each  year  by  the  frost, 
^nd  we  have  yet  been  unable  to  secure  living  specimens  for  exami- 
nation. Horticulturists,  who  have  seen  the  growing  *'Arctic 
berry,"  report  the  plant  sold  as  the  white  mulberry  {Moms  alba^ 
If.)  and  some  leaf-scraps  examined  seem  to  agree  with  that  species. 
The  thing  is  a  palpable  fake,  for  such  crosses  as  those  mentioned 
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are  botanically  impossible.  Space  is  here  given  the  subject  in  order 
to  protect  the  people  of  the  State  from  such  imposition  hereafter, 
and  to  warn  our  neighbors  of  adjoining  States  to  look  out  for  this 
smooth-tongued  **  nurseryman." 


POSSIBILITIES  OF  STRAWBERRY  CULTURE  IN  THE  STATE. 


In  a  state  with  great  variations  in  climate,  due  to  the  differ- 
ence in  altitude  found  in  mountainous  regions,  it  is  possible  to 
extend  the  fruiting  period  of  seasonal  fruits,  such  as  the  straw- 
berry, over  considerable  time  by  taking  advantage  of  this  progress 
of  season  at  the  different  altitudes,  and  this  fruiting  period  may 
be  still  further  extended  by  planting  early  and  late  varieties.  As 
far  as  can  be  yet  judged  by  the  native  vegetation,  there  appears  to 
be  a  difference  of  about  a  week  in  the  opening  of  flowers  and  the 
ripening  of  fruit  for  each  2,000  feet  of  altitude  and  as  our 
altitude  ranges  from  about  1,800  to  over  11,000  feet,  it  seems 
that  advantage  might  be  profitably  taken  of  this  fact  for  growing 
a  fruit  for  which  there  is  always  a  ready  market. 


THE  ALKALI  DISEASE  OF  PLANTS. 

Several  times  recently  my  attention  has  been  called  to  a  sup- 
posed parasitic  disease  affecting  plants  in  certain  localities,  but 
upon  examination  no  fungus  was  found,  but  the  plants  had  ever3' 
indication  of  poisoning  bj'  alkali,  either  through  the  rise  and 
settling  in  low  ground  of  the  waters  of  irrigation  containing  these 
salts  in  excess,  or  through  watering  potted  plants  with  such 
water.  In  general,  plants  thus  affected  show  it  by  the  gradual 
yellowing  of  the  foliage,  or  by  the  withering  of  the  leaves  at  tips 
find  edges,  until  they  die  and  drop  off,  causing  the  death  of  the 
plant.  A  considerable  number  of  the  trees  in  the  park  along  the 
river  side,  at  Great  Falls,  appear  to  have  died  from  this  cause  and 
the  same  trouble  has  been  found  with  shade  trees  in  certain  locali- 
ties at  Helena  and  Bozeman.      The  remedy  in  such  cases  is  clearly 
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underground  drainage  to  carry  off  the  excess  of  salts  accumulat- 
ing in  the  water  in  such  situations,  or  a  reduction  in  the  irrigation 
on  the  higher  ground  near  by.  The  trouble  seems  also  to  affect 
potted  plants  and  gardens,  when  watered  with  water  containing 
an  excess  of  alkali,  and  cases  have  arisen  seemingly  from  this  cause 
at  Columbia  Falls  and  Helena  and  will  doubtless  be  noted  from 
other  localities  in  the  eastern  part  of  the  &tate,  the  remedy  here 
being  to  secure  water  from  some  source  not  thus  contaminated. 

The  effects  of  alkali  upon  plants  are  thus  described  by  Dr,  E. 
W.  Hilgard,  director  of  the  California  Experiment  Station:  **In 
the  case  of  herbaceous  plants  the  first  effect  is  a  dwarfing  of  the 
whole  system,  and  as  the  salts  accumulate  at  the  surface,  they  will 
cause  a  corrosion  of  the  root-crown.  In  the  case  of  trees  also  the 
root-crown  usually  shows  a  darkening  of  the  bark,  and  a  brown- 
ing of  the  liber,  if  the  alkali  is  strong  enough.  It  is  then  that  the 
leaves  yellow,  but  short  of  such  an  effect  upon  the  root-crown  the 
essential  symptom  of  alkalied  plants  is  a  dwarfing." 


INVESTIGATIONS  OF  PLANTS  POISONOUS  TO  STOCK  IN  MONTANA. 


This  work,  begun  during  the  preceding  summer  has  been  con- 
tinued for  most  of  the  present  season,  but  has  been  confined  mainly 
to  field  work  to  determine  the  plants  causing  the  various  cases  of 
poisoning  reported,  the  times  of  the  year  when  such  poisoning  is 
most  apt  to  occur  with  the  conditions  then  prevailing  and  the 
localities  in  the  State  found  to  be  most  dangerous  to  stock,  with 
the  reasons  therefor;  also,  to  determine  the  distribution  over  the 
State  of  the  plants  known  or  suspected  of  causing  this  poisoning 
and  to  devise  methods  for  avoiding  the  same,  as  far  as  possible. 
The  work  of  experimentation  to  ascertain  the  exact  effects  of 
suspected  plants  upon  animals  has  been  left,  by  agreement,  to  the 
specialists  of  the  Department  of  Agriculture,  who  are  conducting 
their  work  at  this  Station  during  the  present  summer. 

In  order  to  call  the  attention  of  stockmen  to  this  work  and 
secure  their  assistance  in  conducting  the  same,  the  following  circu- 
lar was  issued : 
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NOTICE  TO  STOCKHEN. 

The  Montana  Agricultural  Experiment  Station  in  co-operation  with  the 
Department  of  Agriculture  at  Washington  and  the  State  Veterinarian  at 
Helena,  is  attempting  daring  the  present  season  to  make  a  study  of  the  plants 
poisonous  to  stock  in  this  state.  In  order  to  fully  determine  the  conditions 
under  which  the  poisoning  normally  occurs  and  the  plants  to  which  it  may  be 
referred,  it  is  desired  that  detailed  reports  be  made  to  this  Station  of  losses 
now  occurring,  as  well  as  any  losses  which  may  have  occurred  in  the  past, 
noting,  as  far  as  practicable,  (1)  the  exact  locality  in  the  State  in  which  such 
poisoning  occurred  and  the  local  conditions,  whether  lowland  or  upland, 
plains,  foothills  or  mountains,  about  springs  or  along  streams;  (2)  the  time  of 
the  year  of  such  poisoning:  (3)  stock  affected,  whether  horses,  cattle  or  sheep: 
(4)  the  number  poisoned,  their  symptoms  and  treatment  pursued,  as  well  as 
relative  proportion  of  deaths;  and  (5)  the  plants  suspected,  with  descriptions  or 
specimens.  It  is  only  by  the  compilation  of  such  data  that  the  dangerous 
zones  in  the  State  can  be  accurately  determined,  as  well  as  the  time  when  they 
must  be  avoided. 

By  the  co-operation  of  the  stockmen  of  the  State  in  this  work,  particularly 
in  reporting  promptly  for  investigation,  aU  new  cases  of  poisoning  that  may 
occur,  it  is  hoped  that  definite  results  may  be  secured  and  the  present  loss  due 
to  this  cause  prevented. 

Address  all  communications  and  specimens  to,  Montana  Agricultural 
Experiment  Station,  Bozeman,  Montana. 

June  5, 1901. 

The  results  of  this  investigation  will  be  issued  as  a  bulletin 
early  next  spring  in  time  to  be  of  service  to  the  stockmen  during 
the  dangerous  season. 

In  order  to  make  this  work  as  practical  as  possible,  the  Station 
has  had  sets  of  the  plants,  suspected  or  known  to  be  poisonous, 
mounted  and  framed  for  general  distribution  in  the  principal 
stock-growing  centers  and  these  will  be  sent  to  an^'one  w^ho  will 
pa3'  the  expense  of  framing  and  transportation  and  agree  to  place 
them  on  exhibition  in  some  public  place  in  his  locality.  A  number 
of  these  frames  have  already  been  distributed.  It  is  hoped  that 
next  season  portfolios  can  be  prepared  of  the  most  dangerous 
species  for  distribution  to  stockmen  to  be  placed  in  the  hands  of 
their  foremen  and  herders  to  make  known  the  plants,  which  must 
be  avoided  or  destroyed,  but  at  present  not  enough  specimens 
have  been  collected  to  enable  this  to  be  done,  except  in  a  few  cases. 


ANNUAL  REPORT.  45 


ENTOMOLOGICAL  DEPARTMENT. 


R.  A.  CooLEY,  Entomologist. 

An  account  of  five  insect  pests,  not  previously  mentioned  in 
the  publications  of  this  Experiment  Station  as  being  present  in 
Montana,  is  herewith  presented.  All  are  of  first-class  importance^ 
some  having  proved  themselves  very  injurious  to  our  vegetation 
and  the  others  being  well  known  for  their  destructive  habits 
elsewhere. 

The  year's  experience  has  emphasized  the  importance  of  the 
entomologist's  being  about  the  State  as  much  as  possible  in  order 
that  the  presence  of  injurious  insects  may  be  detected  and  made 
known.  The  widespread  belief  in  Montana  that  injurious  insects 
have  not  yet  found  their  way  to  our  fields  is  only  partially  based 
on  facts,  but  is  due,  ratfier,  to  a  lack  of  knowledge  of  the  real  con- 
ditions. It  seems  clear,  then,  that  the  actual  conditions  should  be 
published  as  rapidly  as  possible  so  that  the  fruit  grower  and 
rancher  may  not,  through  ignorance  of  their  presence,  allow  them 
to  gain  a  foothold.  The  past  year  has  developed  a  knowledge  of 
the  presence  and  distribution  of  a  considerable  number  of  very 
important  pests  and  there  can  be  no  doubt  that  the  coming  year 
will  reveal  many  more. 
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with  gray,  white,  black  and  brown  markings.  Three  diamond 
shaped  spots  on  the  back  of  this  long,  slender  and  shy  moth  make 
it  easily  recognized. 

Spraj'ing  the  affected  plants  with  water  is  said  to  be  a  good 
remedy.  The  insect  thrives  only  in  dry  weather.  Pj^rethrum 
insect  powder  has  given  satisfactory  results.  The  larvae  often 
co-exist  with  the  cabbage  aphis,  discussed  below,  and  are  readily 
destroyed  by  the  substances  used  in  controlling  that  pest. 


THE  CABBAGE  APHIS. 


Aphis  brassicae.    Linn. 

A  great  many  fields  of  cabbage  and  related  plants  were  wholly 
or  partly  destroyed  during  the  year  by  this  species  and  a  large 
number  of  letters  concerning  it  were  received  and  answered-  The 
insects  were  present  in  almost  incredible  numbers  completely  cover- 
ing all  parts  of  the  plants  and  working  into  the  heads  of  cauli- 
flower in  such  numbers  as  to  destroy  their  value.  Affected  plants 
withered  and  appeared  as  if  suffering  from  dry  weather. 

The  real  color  of  the  lice  is  greenish  gray,  but  this  is  obscured 
by  the  waxy  or  mealy  secretion  which  covers  their  bodies  and  gives 
them  a  leaden  color. 

The  species  attacks  cabbage,  turnip,  cauliflower,  rape  and 
other  plants  of  the  same  natural  family  (Cniciferae). 

As  a  remedy  for  the  pest,  kerosene  emulsion,  one  part  of  the 
emulsion  in  ten  of  water,  or  whale-oil  (more  correctly  fish-oil)  soap 
one  pound  in  fourteen  gallons  of  water,  may  be  used. 

The  insects  readily  succumb  to  these  substances,  the  only  difli- 
culty  in  the  treatment  being  to  get  the  insecticide  in  contact  with 
all  the  lice. 

The  lice  cover  both  surfaces  of  the  leaves  thereby  making  it 
necessary'  to  spray  the  under  as  well  as  the  upper  surface.  The 
spray-nozzle  must  be  lowered  among  and  under  the  leaves.  It 
may,  if  desired,  be  fastened  to  the  end  of  a  piece  of  half-inch  tubing 
which  will  allow  the  operator  to  stand  erect. 
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THE  ROSE  CURCULIO. 


Rhynchites  bicolor.    Fab. 

This  insect  is  generally  distributed  throughout  the  United 
States  and  while  having  been  seen  by  the  writer  only  at  Bozeman, 
Missoula,  Hamilton  and  Kalispell,in  Montana,  it  is  almost  certain 
that  it  occurs  in  all  parts  of  the  State. 

The  rose  curculio  is  a  beetle  one-fourth  of  an  inch  long,  red 
over  the  entire  upper  surface  from  the  head  to  the  tip  of  the 
abdomen,  with  the  ventral  surface,  beak  or  snout,  antennae  and 
legs  black. 

It  affects  both  wild  and  cultivated  roses,  boring  by  means  of 
its  long  snout  into  the  buds  and  cutting  the  stems  causing  the  buds 
to  lop.  It  is  particularly  destructive  west  of  the  range  where 
roses  are  grown  more  readily  than  on  the  east  side. 

Great  injury  to  roses  is  caused  by  this  species.  It  takes  very 
much  the  same  place  that  the  rose  chafer  (Macrodactylus  sub- 
spinosus)  occupies  in  the  east. 

No  verj"^  satisfactory  remedy  is  known.  The  writer  is  making 
observations  on  the  habits  of  the  species  and  hopes  to  find  some 
means  of  defense  against  it. 

Temporary  relief  ma3'  be  secured  by  hand  picking  or  by  drum- 
ming them  off  into  a  pan  of  kerosene,  or  kerosene  and  water. 
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SUB-DEPARTMENT  OF  POULTRY. 


H.  C.  Gardiner. 

Student  in  Charge. 


During  September,  October,  November  and  December  1900 
three  pens  of  fowl  were  fed  separately,  with  a  view  to  determine 
the  best  method  of  feeding  and  caring  for  hens  during  the  moult- 
ing period.  While  this  work  was  not  carried  far  enough  for  con- 
clusive results,  we  would  from  the  results  obtained,  advise  a  liberal 
ration  for  moulting  hens,  and  attention  early  in  the  fall.  It  -was 
found  that  flax  seed  was  a  valuable  addition  to  the  ration,  and . 
that  a  full  ration  tended  to  stitnulate  the  growth  of  feathers. 

Although  we  must  depend  chiefly  upon  early  hatched  pullets 
for  winter  eggs,  still  it  is  an  additional  source  of  profit  if  the  year 
old  and  two  year  old  hens  can  be  made  to  contribute  their  share 
to  the  egg-basket.  In  order  to  secure  these  results  fowls  must  be 
fed  liberally  commencing  in  September,  in  order  to  hasten  the 
moulting  of  those  who  have  begun,  and  to  start  those  whose  low^ 
condition,  resulting  either  from  rearing  a  brood  of  chicks,  or  lay- 
ing late  in  the  summer,  has  left  them  without  vigor  enough  to 
moult  before  cold  weather.  Owing  to  this  general  low  condition 
which  follows  the  summer's  work  the  flock  may  not  respond 
readily  to  their  feed,  and  it  is  advisable  to  stimulate  and  tone  the 
digestive  sj'stem  with  Cayenne  pepper,  assafoetida,  etc.,  and  give 
**  Douglas  mixture ''  in  their  drinking  water  twice  a  week.  Doug- 
las mixture  consists  of  four  ounces  copperas,  one  ounce  sulphuric 
acid  in  two  gallons  of  water,  using  it  in  the  proportion  of  a 
tablespoon  in  a  quart  of  drinking  water  twice  a  week.  Such  pre- 
cautions will  to  a  great  extent  fortify  the  bird's  sj'stem  against 
roup  and  colds  which  occur  so  generalh-  in  this  State  in  the  fall 
and  winter  months. 

During  the  past  year  we  have  received  many  inquiries  about 
how  to  treat  flocks  which  are  affected  with  roup  and  colds,  and 
we  have  advised  maintaining  all  stock  in  a  vigorous  condition  in 
order  that  they  may  successfully  withstand  our  broken  fall  and 
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winter  weather.  Debilitated  animals  are  the  most  susceptible  to 
diseases  of  any  kind,  and  improper  quarters  and  poor  feed  only 
add  to  the  danger.  In  order  to  secure  freedom  from  roup  the 
houses  must  be  dry,  free  from  draft,  of  reasonably  even  tempera- 
ture and  well  ventilated.  Frame  houses  are  best  because  they  are 
easily  kept  dry,  and  we  believe  that  it  is  a  mistake  to  construct 
poultry  houses  of  stone  or  concrete,  as  the  walls  of  such  buildings 
are  almost  invariably  damp,  and  fowls  kept  in  such  buildings  are 
particularly  liable  to  disease.  In  order  to  maintain  an  even 
temperature  all  chinks  and  cracks  should  be  kept  closed  and  the 
building  made  as  tight  as  possible,  with  a  window  space  of  about 
one-eighth  of  the  froilt  in  a  building  six  feet  high.  Too  large  an 
area  of  glass  causes  the  building  to  heat  ver3'  quickly  during  the 
middle  of  the  day,  while  at  night  it  aflfords  a  large  radiating  sur- 
face, chilling  the  interior  and  producing  catarrh  and  colds  among 
the  inmates.  This  difficulty  may  be  overcome  best,  by  the  proper 
glass  area,  and  by  the  use  of  a  stove  on  cold  nights  and  during 
long  cloudy  spells.  Last,  but  not  least,  comes  the  ventilation 
question,  while  a  building  should  be  built  as  nearly  air  tight  as 
possible,  it  should  also  be  well  ventilated.  Nothing  poisons  the 
animal  system  more  quickly  than  impure  air  laden  with  gases 
exhaled  by  the  fowl,  and  arising  from  the  droppings.  These  gases 
being  naturally  heavier  than  the  air  settle  in  the  lower  portions  of 
the  house,  and  it  is  from  these  lower  levels  we  must  ventilate. 
Ventilators  opening  at  the  roof  are  inefficient;  while  they  may 
remove  a  portion  of  the  lower  body  of  air,'the3^  remove  chiefly  the 
upper  portion  which  is  warm  and  pure  and  which  should  be 
retained.  To  thoroughly,  cheaply  and  easily  ventilate,  run  a 
common  six-inch  stove  pipe  from  the  roof  to  within  six  inches  of 
the  floor,  having  a  damper  in  it  at  a  convenient  height.  The 
warm  air  near  the  roof  warms  this  pipe,  which  in  turn  warms  the 
air  inside,  and  this  enclosed  air  rising  creates  a  draft  which  gradu- 
ally and  successfully  removes  the  impure  air  in  the  vicinity  of  the 
fowl.  We  believe  if  the  many  inquirers  and  others,  whose  flocks 
are  affected,  would  follow  these  directions,  this  disease  which  is  so 
prevalent  throughout  the  State  would  soon  become  checked. 

During  January,  February  and  March  another  feeding  experi- 
ment was  conducted  in  which  six  pens,  comprising  90  birds  in  all. 
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were  fed  to  determine  the  feeding  value  of  three  of  our  most  wideh'- 
grown  grains,  wheat,  oats  and  barley,  and  further  what  advant- 
age is  to  be  gained  from  mixed  grain  rations.  Although  this  work 
will  be  continued  farther  before  any  definite  conclusions  are  drawn 
we  believe  that  oats  and  wheat  is  the  most  profitable  mixture  and 
wheat  is  the  most  desirable  to  feed  alone. 

The  department  also  published  a  bulletin  designed  to  meet  the 
needs  of  beginners  in  this  branch  of  farming,  which  discussed  the 
following  topics:  Breeds  of  poultry  best  suited  to  Montana's 
market  and  climatic  conditions,  artificial  incubation  and  the  care 
of  incubator  chicks,  general  management  of  breeding  stock  and 
laying  birds,  advantages  of  pure-bred  stock,  construction  and 
ventilation  of  buildings,  construction  of  brooders  and  brood  coops, 
incubator  oils,  and  egg-preservation.  The  results  of  feeding  ex- 
periments which  were  planned  to  show  the  necessity  of  variety 
rations  in  egg  production  were  also  given,  together  with  data 
relative  to  the  effect  of  these  different  rations  upon  egg  fertility, 
and  upon  the  composition  of  the  egg. 

During  the  winter  months  we  were  forced  to  keep  several  of 

i:he  pens  confined  on  account  of  lack  of  yards,  the  ground  about 

the  building  being  only  partially  graded.      We  found  as  a  result  of 

this  confinment  that  even  with  careful  precautions  the  vice  of  egg 

eating  developed  to  a  ver^'  considerable  extent  among  the  hens,  and 

cutting  the  beaks  was  only  a  temporary  check.  Darkening  the 
nesting  place  also  had  no  effect,  and  at  a  loss  to  stop  the 
practice  by  any  specific  means,  we  dug  post-holes  in  the  frozen 
ground  with  giant  powder  and  erected  temporary  fences.  This 
proved  an  effectual  remedy,  for  as  soon  as  the  birds  secured  the  run 
of  the  yards  the  practice  ceased  with  the  exception  of  one  or  two 
individual  cases.  This  practice  is  evidently  the  immediate  result  of 
idleness  resulting  from  close  confinement  and  is  best  remedied  by 
removing  the  cause  of  the  evil. 

The  spring  months  were  devoted  almost  exclusively  to  raising 
pure-bred  chicks,  and  with  the  stock  raised  this  year  we  have  been 
able  to  replace  all  the  old  mongrel  stock  and  culls,  and  now  have 
for  the  first  time  all  our  pens  filled  with  first-class  breeding  stock 
which  adds  much  to  the  value  and  attractiveness  of  the  depart- 
ment. 

Numerous  enquiries  are  received  from  time  to  time  with  refer- 
ence to  construction  of  buildings,  feed  of  fowl,  diseases,  incubators, 
etc.,  all  of  which  are  answered  as  required. 
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HORTICULTUTAL  DEPARTMENT. 


Charles  Wilson,  Gardiner. 

Temporarily  in  Charge. 


ORNAMENTAL  SHRUB  CULTURE, 


In  all  fifty  deciduous  shrubs  have  been  tested  for  four  consecu- 
tive 3'ears.  This  year's  work  has  confirmed  the  results  of  the 
three  preceding  years.  Twelve  varieties  have  been  found  to  be 
hardy,  nineteen  semi-hardy  and  nineteen  worthless. 

HARDY. 

Berberis  Canadensis,  American  Barberry.* 

Berberis  Vulgaris,  European  Barberry.* 

Berberis  Vulgaris  purpurea.  Purple-leaved  Barberry.* 

Cornus  Sanguinea,  Crimson  Dogwood.* 

Legustruniy  White-berried  Privet.* 

Ribes  aureum,  Yellow-flowering  Currant. 

Sympboricarpus  racemosuSy  White  Snowberry.* 

Syringa  Caerulea  Superha,  Lilac. 

Syringa  Villosa. 

Syringa  Vulgaris,  Louis  Spath. 

Syringa  Vulgaris,  Princess  Alexandria. 

Viburnum  opulus  Sterilis,  Snowball. 

*  Those  starred  have  had  young  wood  slightly  winter  killed 
two  or  three  seasons,  but  not  sufficiently  to  interfere  seriously 
with  the  progress  of  the  shrub.  The  balance  do  not  suffer  in  the 
least  from  the  severity  of  winter  weather  and  will  probably  give 
good  results  throughout  the  State  where  the  altitude  does  not 
exceed  5,000  feet. 


\,     Vj.'fr'inp  ^^ 
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SEMI-HARDY. 

Berberis  Aquifolia,  Mahonia.* 

Elaeagnus  longipes,  Silver  Thorn.* 

Hydrangia  paniculata  grandiffora* 

Lonicera  Tartarica  grandiHora,  Pink-flowering  Honeysuckle.* 

Lonicera  Tartarica  alba  y  White-flowering  Honeysuckle.* 

Prunus  triloba.  Double-flowering  Plum. 

Pyrus  Japonica,  Japan  Quince,  Scarlet.* 

Pyrus  Japomca,  Japan  Quince,  Blush.* 

Rhus  glabra  laciniatay  Cut-leaved  Sumac* 

Sambucus  nigra  aurea.  Golden-leaved  Elder.* 

Spiraea  Van  Houttei. 

Syringa,  Garland.* 

Syringa,  Golden. 

Syringa,  Large-flowering. 

Tamarix. 

Viburnum. 

Syringa  rothomagensis, 

Saulbucus  nigra  laciniata^  Cut-leaved  Elder.* 

*  Young  wood  half  kills  back  each  winter.  While  this  occurs 
tinder  our  local  conditions  there  are  more  suitable  localities  in  the 
State  where  these  will  answer  well.  Those  not  starred  in  this 
group  do  well  here. 


SHADE  TREES. 


The  Russian  and  Carolina  poplars  have  given  the  best  results 
"being  particularly  hardy.  The  former  is  a  fast  grower,  branching 
and  symmetrical  with  large  leaves.  The  yellow  cottonwood  fol- 
lows these  two  closely. 

Box  elders,  raised  from  seed,  are  hardy  and  growthy,  but  this 
•does  not  seem  to  be  the  case  with  imported  stocks. 

Mountain  ash  has  proved  to  be  hardy  and  a  rapid  grower  of 
good  shape. 

The  ash,  elm,  English  elder,  maple  and  burr  oak  have  proved 
to  be  worthless  unless  under  verv  favorable  conditions. 
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ROSES  AND  FLOWERS. 


Of  the  28  kinds  tried  only  two  are  hardy  so  that  they  can  be 
grown  without  covering.  These  are  the  Persian  yellow  and 
Magna  Charta.  The  former  produces  a  great  profusion  of  large 
yellow  roses. 

In  the  green  houses  30  varieties  of  chrysanthemums  and  20  of 
carnations  have  been  propagated.  These  lend  much  attractivenes 
to  the  place  and  are  a  source  of  income  as  there  is  a  great  demand 
for  them. 

EXPERIMENTS  IN  FRUIT  CULTURE. 


APPLES. 


The  varieties  given  below^  have  been  set  in  the  orchard  most  of 
them  six  years,  and  the  balance  four  and  five.  The  relative  hardi- 
ness of  these  has  now  become  a  certainty  and  much  more  has  been 
learned   this   year  regarding  their  bearing  capabilities  and  the 

quality  of  the  fruit. 

HARDY. 
Anisette  Langfield 

BogdanoflF  Number  Twelve 

Ben  Davis  Orel 

Duchess  of  Oldenburg  Okabena 

Gano  Royal  Table 

Gipsey  Girl  Thompson's  No.  10 

Good  Peasant  Voronesh 

Gideon  Wealthy 

Hibernal  Yellow  Transparent 

Lead  3  N  Zuzoff 

These  kinds  have  all  came  into  bearing  with  good  results 

except  for  Orel,  the  fhiit  of  which  fell  before  maturity. 

N0TE5  ON  FRUIT. 

Longffeld. — Good  yielder,  medium  size,  medium  early  fall  apple. 
Wealthy. — Late  fall  or  winter,  big  yielder,  attractive  friiit. 
Qideon. — Late,  large  and  attractive. 
HIrbernaL — Good  yielder  of  large  greenish  red  fruit ;  winter. 


56  MONTANA  EXPERIMENT  STATION. 


CRABS. 

Bailey's  Crimson  Pride  of  Minneapolis 

Florence  Russet 

Greenwood  Transcendant 

Hyslop  Whitney  No.  20 

Martha  White  Arctic 
Orange 

All  these  are  now  in  bearing  and  may  be  classed  as  hardy 
except  for  Whitney  and  Orange. 

Of  these  Transcendant  was  one  of  the  most  satisfactory,  being 
early  and  yielding  a  large  quantity  of  medium  sized  fruit. 

Whitney.— Mso  produced  well  but  is  a  little  tender. 

Russet — Ripened  early,  fruit  sweet  and  pear  shaped. 

Hyslop. — Has  been  a  continuous  bearer  for  three  years,  large 
quantity  of  medium  sized  fruit,  but  a  little  late. 

Bailey's  Crimson. — Good  yielder,  early  and  medium  size. 

Martha, — Good  size,  medium  early. 

Pride  of  Minneapolis. — Small,  green,  sweetish,  medium  early. 

Orange. — Late  and  semi-hardy. 

PLUMS. 

Of  the  many  varieties  tried,  but  one,  the  Moldorka,  has  suc- 
ceeded in  ripening  fruit.  Two  trees  of  the  same  age  came  into 
bearing,  producing  30  pounds  of  large  blueish  fruit  which  ripened 

bv  September  10th. 

STRAWBERRIES. 

or  the  large  number  tried  in  the  original  tests  only  five  are 
recommended,  viz. :  Splendid,  Bisel,  Ivanhoe,  Crescent  and 
Bederwood.  Of  the  37  varieties  of  more  recent  introduction  only 
two  have  been  selected,  the  Wolverton  and  William  Belt. 

RASPBERRIES. 

The  Marlborough,  Hausel  and  Brandywine,  only,  have  given 
good  results  under  the  local  conditions.  The  former  freezes  back 
sli*j:litly,  l)ut  yields  well.  The  two  latter  are  the  hardiest  and  are 
<4()()(1  yielders  of  good  quality. 

1'liough  the  Clark  and  Gumer  freeze  back  they  produce  moder- 
ately well,  but  the  berries  are  soft  and  of  little  account. 

Columbian,  Early  King  and  Cuthbert  have  been  tried,  but 
freeze  down  ever}'  winter. 
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IRRIGATION  DEPARTMENT. 


S.  FoRTiER,  Irrigation  Engineer, 


ONE  SOURCE  OF  WASTE  IN  IRRIGATION. 


In  Montana,  water  for  irrigation  is  conveyed  for  the  most  part 
through  channels  in  earth.  Ordinary  earth  is  porous  and  will  not 
retain  water  without  considerable  loss.  When  large  volumes  are 
carried  in  open  canals  over  long  distances  the  loss  or  waste  of 
water  from  this  one  cause  frequently  exceeds  one-fourth  of  the 
total  flow.  The  percentage  of  loss  varies  in  accordance  with  the 
physical  conditions.  In  retentive  clay  soils  the  seepage  loss  is 
usuallv  small.  On  the  other  hand  when  canals  are  located  around 
foothills  and  over  sandy  and  gravelly  benches  the  loss  is  usually 
great. 

In  the  absence  of  accurate  measurements  the  loss  in  convev- 
ance  was  not  known.  Irrigators  were  a^vare  that  much  less 
w^aterwas  available  at  their  respective  headgates  than  entered  the 
main  canal,  but  they  attributed  the  deficiency  largely  to  evapora- 
tion and  absorption  along  the  route.  The  water  that  seeped 
from  the  bottom  of  the  canal  could  not  be  seen  by  the  ditch  rider 
and  its  effects  were  not  always  apparent  on  the  land  bordering 
the  canal.  The  joint  efforts  of  this  Station  and  the  Department 
of  Agriculture  in  making  a  series  of  measurements  on  each  of 
several  typical  canals  in  the  State  and  publishing  the  results  have 
directed  general  attention  to  the  subject  of  the  seepage  loss  from 
canals. 


y» 
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For  two  seasons  the  loss  due  to  seepage  on  several  of  the  large 
•canals  of  the  State  has  been  ascertained.  The  following  table 
gives  in  brief  the  principal  results : 

Total  Flow    Distance    Loss       Percentage  of 
Date.  at  Head.  in  in  total 

Sec.-Ft.  Miles.    Sec-Ft.    Supply  Lost. 

Middle  Creek  Canal,  Qallatin  County. 

June  10, 1899 98.9  4  21.5  21.7 

"     27,1000 63  "   4  12.2  19.4 

Farmers'  Canal,  Qallatin  County. 

July  30, 1900 133.1  10'^^         23.59  17.71 

West  Qallatin  Irrigation  Canal,  Qallatin  County. 

July  18, 1900 114.45  38?4         38.93  34 

The  Big  Ditch,  Yellowstone  County. 

August  9  13, 1900 254.47  22  65.05  25.55 

The  Republican  Canal,  Ravalli  County. 

July  21-24, 19(H) ; .  .120.49  12  1-5      38.84  31.32  " 


AN  EQUITABLE  DIVISION  UNDER  CO-OPERATIVE  CANALS. 


While  enormous  3'ields  can  be  produced  under  irrigation  the 
isystem  is  not  without  its  drawbacks.  One  of  these  is  thedifficult3'' 
encountered  in  dividing  water  equitably  among  a  large  number  of 
shareholders.  In  average  years  water  is  fairly  abundant  in  this 
State,  but  owing  to  a  light  snowfall  for  two  winters  in  succession 
the  water  supply  has  been  deficient  in  many  sections.  The  diffi- 
cult3'  has  been  aggravated  in  not  having  proper  headgates  and 
measuring  boxes.  The  division  of  water  is  usually  based  on  the 
wild  guesses  of  the  water  master. 

So  long  also  as  the  loss  in  conveyance  was  not  even  approxi- 
mateh'  known  it  was  impossible  to  give  each  user  his  proper  share. 
The  irrigation  department  of  the  Experiment  Station  has  begun  a 
good  work  in  determining  for  the  canal  owners  the  percentage  of 
loss  in  their  canals  and  devising  suitable  methods  by  which  the 
flow  through  each  farmer's  headgate  may  be  controlled  and 
measured.  Measuring  devices,  including  both  weirs  and  rating 
flumes,  have  been  built  under  the  supervision  of  the  Station  officers 
in  different  cultivated  valleys  of  the  State  for  the  purpose  of  intro- 
ducing more  modem  methods. 
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THE  USE  OF  WATER  IN  IRRIGATION. 


For  the  past  two  seasons  experiments  have  been  carried  on  by 
this  Station  in  co-operation  with  the  Office  of  Experiment  Stations 
at  Washington,  D.  C.#  to  ascertain  the  actual  quantities  of  water 
used  in  irrigation.  Without  this  knowledge  it  would  be  impossible 
to  reach  any  definite  conclusions  as  to  the  agricultural  possibilities 
of  any  irrigable  tract  of  land.  One  might  know  the  amount  of 
the  available  water  supply  and  the  extent  of  the  land  to  be  irri- 
gated, but  if  he  did  not  know  the  average  amount  of  water  that 
should  be  applied  per  acre,  the  number  of  acres  that  might  be 
reclaimed  by  the  flow  of  a  stream  could  not  be  determined. 

In  like  manner,  w^hen  a  storage  reservoir  is  to  be  built  it  is 
important  to  know,  before  the  enterprise  is  begun,  how  much  land 
a  given  quantity  of  water  will  irrijgate.  It  is  comparatively  easy 
to  obtain  the  capacity  of  the  reservoir  before  an3^  construction 
work  is  done,  but  if  no  tests  have  been  made  in  the  vicinitv  on  the 
amount  of  water  Required  per  acre  the  area  which  the  stored 
water  will  irrigate  can  only  be  roughly  estimated. 

Then,  too,  one  of  the  first  steps  necessary  in  defining  a  water 
right  is  to  ascertain  the  amount  of  water  economically  used.  One 
of  the  greatest  difficulties  experienced  by  the  courts  in  settling 
w^ater  rights  is  the  lack  of  knowledge  on  this  particular  subject.  The 
following  table  contains  a  brief  summary  of  the  more  important 
investigations  on  the  use  of  water  in  irrigation  : 

Duty  of  Water  in  1899- 


Kind 

of 
Crop. 


Red  Clover. 

Peas 

Barley 

Wheet 

Barley 

Oats 

do 

do  

do 


Name 

of 
County. 


Gallatin 
do 
do 
do 
do 
do 
do 
do 
do 


Area 

Irrigated 

Acres. 


27.44 
4.23 
5.25 
6.02 

66.09 

23.41 
7.26 
2.48 

25.09 


Depth  of  Water. 

Irriga- 

tion. 

Rain. 
.44 

Total. 

1.02 

1.46 

IJO 

.41 

1.51 

1.98 

.42 

2.40 

1.98 

.42 

2.40 

.98 

.41 

1.39 

1.53 

.38 

1.91 

1.34 

.36 

1.70 

2.16 

.36 

2.52 

1.28 

.44 

1.72 

^Yate^♦  Applie<t 

per  Acre. 

Tons> 


1386.8 

1495.6 

2692.05 

2692.05 

1.332.4 

2080.2 

1821.9 

2936.8 

1740.3 


No  of 
Irriga- 1 
tious.  , 


Yield 

per 

Acre. 


2 
2 
2 
2 
1 
1 
2 
2 
1 


3.0    tons. 
31 .  25  bu. 
45.00  bu. 
57.89  bu. 

5i'.60bu.'" 
72 .  75  bu. 
72 .  75  bu. 


*  Not  including  Rainfall. 
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Duty  of  Water  in  1900. 


Kind 

of 
Crop. 


Red  Clover. 

Barley 

Oats 

Wheat 

Red  Clover. 

Oats 

Peas 

JBarley 

Oats 

Barley 

Red  Clover. 
Red  Clover. 

Alfalfa 

Orchard  . .  % 

Oats 

Oats 


Depth  of  Water. 

Name 

Area 

Irrigated 

Acres. 

1 

of 
County. 

Irriga- 
tion 
Ft. 

Rain 
Ft. 

.44 

Total 
Ft. 

Gallatin 

66.39 

1.96 

2.42 

do 

4.14 

1.50 

.28 

1.78 

do 

25.09 

.64 

.39 

1.03 

do 

1.00 

.77 

.30 

1.07 

do 

1.00 

.77 

.30 

1.07 

do 

1.00 

.56 

.39 

.95 

do 

1.00 

.56 

.39 

.95 

do 

1.00 

1.17 

.28 

1.45 

do 

8.51 

1.39 

.40 

1.79 

do 

4.42 

1.96 

.42 

2.38 

do 

7.26 

2.70 

.44 

3.14 

do 

35  90 

1  79 

44 

2.22 

Yellowstone 

53  40 

1.30 

.44 

1.74 

Ravalli 

40.00 

1.46 

.13 

1.59 

do 

161.70 

1.30 

.13 

1.43 

do 

102.2 

6.06 

.13 

6.19 

Water 

Applied 

per  Acre. 

Tons.t 


3290.3 
2420.2 
1400.4 
1454.8 
1454.8 
1291.6 
1291.6 
1971.5 
2433.9 
3236.0 
4269.2 
3018.3 
2365.8 
2161.9 
1944.3 
8416.0 


Yield 

per 

Acre. 


46.5  ba. 

38'.33*ba. 
1.58  tons. 

75.58  bu. 
1,330  lbs. 
87.29  bu. 
74.67  bu. 

68.59  bu. 
5.02  tons. 

5.17  tons. 

33!37bu.* 
34.03  bu. 


*  About  two-flfths  irriffated  on  second  irrigation,     t  Irrigation  water. 


THE  AMOUNT  OF  WATER  REQUIRED. 


In  the  spring  of  1900,  a  tract  of  land  on  the  western  edge  of 
the  Station  farm  was  set  apart  for  experiments  on  the  proper 
amount  of  water  to  apply  in  irrigation.  Sixteen  rectangular  plats 
50x100  feet  were  laid  off,  with  an  intervening  space  between  every 
two  plats.  A  flume  (Fig.  1)  extended  along  the  west  edge  of  the 
row  of  plats  and  conveyed  water  from  the  nearest  ditch  to  each 
plat.  The  amount  of  water  applied  to  any  one  plat  was  measured 
by  a  weir  box  at  the  head  of  the  flume. 

All  plats  were  seeded  to  oats  May  21,  1900,  at  the  rate  of  two 
bushels  of  seed  per  acre.  On  May  30  the  percentage,  by  weight,  of 
soil  moisture  in  the  upper  two  feet  of  soil  over  the  entire  number 
of  plats  ranged  from  17.29  to  20.95  and  averaged  18.95  per  cent. 
The  following  table  gives  the  results  obtained  on  plats  No.  1  to  8, 
inclusive.  Plat  Xo.  1  was  not  irrigated,  but  it  received  some 
moisture  from  an  adjacent  ditch. 
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No.  of  Plat. 


1 

2 
3 

5 
6 

7 
8 


Depth  of 
Irrigation 

Yield  per  Acre. 

m 

Grain 

straw 

Inches. 

Bushels. 

1 

Pounds. 

0 

46.1 

1655 

2 

61.7 

2345 

8 

68.2 

2823 

9 

73.5 

2988 

12 

74.8 

3075 

36 

78.2 

3398 

20 

77.6 

3284 

24 

83.5 

3215 

Yield  per  Acre 

of 

Grain  and  Straw 

Tons. 

Water 

Used  per 

Acre. 

Tons. 

1.61 

2.29 

227 

2.57 

906 

2.74 

1020 

2.81 

1360 

3.03 

1813 

2.96 

2266 

3.03 

2719 

No.  Tons 

Water  Applied 

for  Each  Ton 

Produce. 


99 
353 
372 
484 
599 
765 
898 


DISCHARGE  OF  THE  PRINCIPAL  RIVERS  OF  HONTANA. 


For  several  years  the  irrigation  department  of  the  Station  has 
supervised  and  conducted  the  hydrographic  work  of  the  U.  S. 
Geological  Survey  in  Montana.  Gaging  stations  are  established 
and  maintained  at  favorable  locations  on  the  principal  rivers  oi 
the  State  and  measurements  made  of  the  flow  at  each  station 
from  four  to  twelve  times  during  each  year.  An  observer  residing 
near  the  gaging  station  observes  and  records  the  height  of  water 
at  least  once  a  day.  These  records  are  mailed  to  the  Experiment 
Station  and  are  forwarded  from  thence  to  Washington,  D.  C.  The 
data  obtained  from  a  number  of  stream  measurements,  together 
with  the  daily  records  of  the  observer,  enable  the  engineer  to  com- 
pute with  reasonable  accuracy  the  daily  flow,  or  discharge, 
throughout  the  year.  The  records  for  the  year  1900  have  been 
thus  computed  and  are  herein  given  for  the  following  rivers :  Yel- 
lowstone, Gallatin,  West  Gallatin,  Middle  creek,  Madison,  Jefler- 
son,  Missoula,  Big  Blackfoot,  Bitter  Root  and  Milk  river.  It 
should  be  observed  that  when  ice  forms  on  the  surface  of  a  stream 
neither  the  gage  heights  nor  the  flow  can  be  accurately  determined. 
In  the  accompanying  tables  the  discharges  are  given  in  cubic  feet 
per  second.  Since40  Montana  miners'  inches  are  equivalent  to  one 
cubic  foot  per  second  the  flow  may  be  converted  into  miners'  inches 
by  multiplying  the  figures  given  by  the  number  40. 
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Daily  Discharge  of  West  Qailatin  River,  in  Second-feet,  for  isM>o. 


Dy. 

Jan. 

Feb. 

Mar, 

.Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct, 

Nov. 

> 

Dec 

1 

700 

560 

500 

630 

1200 

4165 

1300 

560 

440 

560 

500 

,330 

2 

700 

500 

500 

700 

1300 

3610 

1300 

560 

440 

560 

500 

330^ 

3 

700 

560 

500 

700 

1460 

4570 

1105 

560 

440 

500 

500 

358 

4 

700 

560 

500 

700 

1745 

4900 

935 

580 

560 

560 

500 

385 

5 

700 

630 

500 

775 

1995 

4985 

935 

580 

560 

560 

500 

440 

6 

700 

630 

500 

850 

2610 

5410 

935 

500 

560 

560 

500 

440 

7 

700 

630 

500 

1020 

2327 

4827 

935 

500 

560 

560 

500 

44a 

8 

aso 

630 

500 

850 

2465 

4325 

935 

500 

530 

500 

500 

385 

9 

630 

630 

500 

775 

2610 

4405 

935 

500 

440 

500 

500 

38& 

10 

6:^0 

630 

500 

775 

3223 

4165 

850 

500 

440 

500 

500 

385 

11 

630 

a30 

500 

775 

4005 

4652 

850 

500 

440 

500 

440 

385 

12 

630 

440 

500 

775 

4005 

3145 

850 

500 

385 

500 

;385 

385 

13 

630 

440 

500 

775 

3223 

3223 

775 

500 

*  440 

500 

440 

385 

14 

«30 

440 

500 

775 

2835 

3223 

775 

500 

440 

500 

440 

385 

15 

560 

440 

500 

775 

2760 

3533 

775 

500 

500 

500 

440 

385 

16 

56fi 

440 

500 

850 

2610 

3145 

700 

500 

440 

500 

440 

358 

17 

560 

440 

500 

775 

2610 

2a35 

700 

518 

440 

500 

440 

330 

18 

560 

440 

500 

850 

2685 

2610 

700 

500 

500 

385 

330 

19 

560 

440 

500 

935 

2395 

2685 

700 

"566' 

500 

500 

330 

330 

20 

560 

440 

500 

1062 

2535 

2760 

700 

500 

500 

•500 

280 

330 

21 

560 

560 

500 

1200 

2610 

2835 

630 

500 

500 

385 

280 

330 

22 

560 

560 

500 

1352 

2990 

2685 

700 

500 

440 

440 

a30 

330 

23 

560 

560 

500 

1572 

J3067 

2685 

630 

500 

560 

500 

330 

330 

24 

560 

560 

50() 

1250 

3377 

2685 

630 

518 

500 

500 

a30 

358 

25 

560 

560 

500 

1105 

3533 

1995 

680 

518 

500 

500 

330  1  358 

26 

560 

560 

500 

1200 

4325 

1995 

630 

560 

500 

500 

330  ;  a30 

27 

560 

560 

500 

1200 

5155 

1630 

665 

530 

500 

440 

330 

330 

28 

560 

500 

500 

1300 

5410 

1405 

a30 

530 

560 

385 

330 

330 

29 

560 

630 

1300 

4652 

1405 

560 

530 

500 

385 

330 

330 

30 

560 

*  •  «  •  ■  - 

630 

1200 

4652 

1300 

616 

500 

518 

440 

330 

330 

31 

560 

630 

4005 

630 

440 

440 

320 
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Daily  Discharge  of  fladison  River,  Near  Red  Bluff,  in  Second  Feet,  for  1900. 

(Including  Cherry  Creek) 

Dy.  Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

(a) 

•  ••••• 

800 
860 
860 
1430 
1430 
1430 
1640 
1430 
1430 
1430 
14ri0 
1430 
1430 
1430 
1535 
1640 
1745 
1850 
1850 
1850 
1850 
2075 
2300 
2530 
2530 
2530 
2530 
2530 
2530 
2577 

30U6 
3G45 
4040 
4040 
4173 
3775 
3908 
4040 
4173 
4305 
4824 
4840 
5110 
4840 
4438 
4173 
3775 
3645 
3260 
'  3515 
3593 
3515 
3645 
3960 
4173 
4570 
5110 
5380 
5655 
56i>5 
5518 

4840 
4305 
5110 
5110 
5326 
5380 
5380 
5110 
5110 
5110 
4840 
4705 
4040 
3775 
3515 
3260 
4305 
2648 
2530 
2300 
2300 
2300 
2188 
2075 
2075 
2075 
2075 
2075 
2075 
2075 

2075 
2O75 
1963 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1640 
1640 

1640 
1640 
1640 
1640 
1640 
1640 
1640 
1640 
1745 
1850 
1850 
1850 
1745 
1640 
1640 
1640 
1640 
1640 
1640 
1640 
1640 
1040 
1640 
1640 
1640 
1640 
1640 
1640 
1640 
1640 
1640 

1640 
1640 
1640  ' 
1640 
1640 
1640 
1640 
1640 
1640 
1640 
1850 
1850 
1640 
1640 
1040 
1640 
1640 
1640 
1640 
.1640 
1640 
1640 
1640 
1640 
1640 
1850 
1850 
1850 
1850 
1850 

1850 
1850 
1850 
1850 
1850 
18  >0 
l^iO 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
18:-)0 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 

1 
1850   1640 

2 
3 

■  •  •  ■ 

(a) 

1850 
1850 

1640 
1640 

4 

(a) 

1640  I  1640 

0 

1640  1640 

6 

1640 
1640 
1640 
1640 

1640 

7 

1640 

8 
9 

•  ■  •  • 

(a) 

860 

1640' 
1640 

10 

1640  1640 

11 

(a) 

1640  1640 

12 

...■  ••!..•.  •> 

1640  1640 

13 

t 

1640  164C 

14 

1640  1640 

15 
16 
17 
18 
19 
20 
21 

.... 

(a)    860 

1640  ,  1640 
1640  1640 

1640  1  1640 

(a) 

1640  1640 

1 

1640  1640 

1640  1640 

1640   HUO 

22 
23 

•  •  •  • 

"(aV  '  *866' 

1640 
1640 
1640 
1640 
1640 
1640 
1640 
1640 
1640 

1640 
1640 

24 

t 

1640 

25 

(a) 

1640 

26 

1640 

27 

' 

1640 

28 

1640 

29 

860 

1640 

30 

31 

1 

m 

(a)  Ice. 
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Daily  Dtscharge  of  Jefferson  River,  at  Sappington,  in  Second  Feet,  for  1900. 


i>y. 


Jan. 


Feb. 


Mar. 


.\pr. 


May 


June 


July 


Auk. 


Sept. 


Oct. 


Nov. 


Dec. 


1 

* 

^«  •  •  • 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

23-25 

2020 

2020 

2020 

1870 

1870 

1870 

1725 

1870 

2020 

2020 

2170 

2170 

2325 

2485 

2485 

2485 

2405 

2248 

2n20 

1870 

1870 

2020 
2170 
2565 
2810 
2980 
3150 
3330 
3330 
3330 
3065 
2810 
2645 
2645 
2645 
2645 
2810 
2810 
2810 
2810 
2980 
2980 
31S0 
333H 
3420 
3600 
3G90 
.3870 
3870 
3870 
3870 

3870 
3870 
4050 
4140 
4410 
'4688 
5058 
5248 
5613 
5985 
6365 
6850 
8050 
8665 
8973 
9075 
8773 
8358 
8050 
7740 
7445 
7350 
6948 
6850 
66r.5 
a558 
6460 
6460 
6655 
6400 
6175 

5890 
5705 
5520 
5705 
5890 
4050 
5705 
5705 
5X35 
5150 
4965 
4410 
4050 
4050 
3870 
3690 
3870 
4050 
4230 
4410 
3870 
3420 
2810 
2645 
2485 
•2325 
2170 
20J>5 
2020 
2020 

1870 

1725 

1590 

1590 

1455 

1455 

1455 

1455 

1325 

1325 

1205 

1205 

1205 

1090 

980 

875 

775 

775 

685 

6a5 

685 

685 

685 

685 

685 

600 

609 

800 

600 

600 

600 

600 
600 
600 
515 
515 
515 
515 
5L5 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
5X5 
515 
515 
515 
475 
•  475 
475 
515 
515 

515 
515 
515 
515 
600 
600 
600 
600 
600 
685 
685 
685 
685 
685 
6a5 
685 
685 
775 
825 
875 
875 
875 
875 
875 
875 
9S0 
980 
980 
980 
980 

1090 
1205 
1265 
1364 
1455 
1495 
1455 
1455 
1455 
1455 
1455 
1455 
1325 
1325 
1325 
1325 
1325 
1325 
1205 
1205 
1205 
1205 
1325 
1325 
1325 
1455 
1455 
1455 
1455 
1455 
1590 

1590 
1590 
1590 
1590 
1590 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1590 
1590 

1590 
1590 
1590 
1590 
1725 
1725 
1725 
1725 
1725 
171K) 
1725 
1590 
1590 
1590 
1590 
1590 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1455 
1325 
1325 
1325 
1325 

1 

2 

3 
4 

5 

1 

H 

•7 

8 

49 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1 

21 

22 

23 

M 

25 

26 

27 



28 

29 

:m) 

31 

(a)  Ice. 
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Daily  Discharge  of  Qaliatin  River,  at  Logan, 

in  Second-Feet,  for  1900. 

Dy. 

Jftn. 

Feb. 

Mur. 

Apr. 

May 

June 

1 

1  July 

Auff. 

290 
290 
290 
2i>0 
2l>0 
21K> 
290 
345 
345 
:545 
:545 
:545 
:i45 

:}45 
:u5  1 

:545 
345 
345 
345 
:i45 
345 
;J45' 
'Mij. 

:Uo 

345 

400 
400 
400 
400 
4liO 
400 

Sept. 

400 
400 
4()0 
460 
4(50 
4()0 
46(J 
460 
4(>0 
460 
4(X) 
460 
460 
460 
4(X) 
460 
4(50 
460 
530 
530 

5:;o 
o:io 

530 
5.30 
5-50 
530 
5:30 

5:^0 

530 
530 

Oct. 

Nov. 

Doc. 

1 

940 
940 
910 

940 ; 

940  1 
940  ■ 
940  ' 
940  , 
940  ' 
940  1 
940  ' 
940 
940 
940  , 

lo:^ 

1030 ; 

lOTiO 

1575 
1575 
10:38 
1950 
1950 
2210 
iG()5 
2505 

2a>5 

3078 
.3595 
4055 
4240 
3415 
3243 
2995 
2995 

:J870 

:5870 
4240 
4240 
4:3.3:5 
4015 
4520 
4055 
3085 
:3415 
2585 
2210 
2210 
2013 
1703 
1575 
1575 

(505 

5:«) 

530 
460 
AVA) 
460 
460 
400 
400 
345 
345 
290 
240 
240 
240 
240 
240 
240 
•J40 
240 
240 
240 
L'40 
240 
240 
240 
290 
2JK) 
290 
2W 
290 

• 

530 
5:i(J 
5.30 
a)5 

64:} 

680 
OsO 
680 
605 
6(.)5 
605 
605 
605 
605 
605 
605 
605 
(505 

a)5 

(505 

cm 

605 
605 
(505 
(505 
(505 
605 
605 
605 
605 
605 

605 
605 
(505 
(505 
.  605 
605 

a)5 

605 
(505 
605 
605 
605 
GOb 
605 

cm 

(505 
605 

680 

2 
3 
4 

() 

7 
8 
9 

10 
11 
12 
18 

680 

765 

680 

680 

680 

1 

680 

t  1030 

1345 

680 
(580 

686 

850 

605 

605 

(K>5 

605 

U 
15 

(a) 

940 

605 
605 

k; 

605 

17 

STU) 

605 

18 

1130  . 

1130 

1130 

ii:jo 

1 130 
1345 
1400 
1575 
IG38 
1 575 

2995   14(30 
2995   12.35 
2995  i  1235 

723 

fVr^ 

19 

895  605 

20 

1030  *  605 

21 
22 

(a) 

laio 

2995 
2',>95 

1080 
lOiiO 

1080 
10:30 

(505 
605 

23 
24 

"ioso* 

2995   1030 
•^78   1030 
3505   940 
3()85  1  940 
4:33.3  i  850 

940 
850 
765 
680 

605 
605 

25 
26 

(505 

nois 

27 

/ 

(580  605 

28 
29 

1080 

"850' 

1575 
1o<l) 

4805 

4805 

765 

(WO 

(5S0  1  605 
(^80  !  <*»or» 

30 

»i 

1575 

4U55   005 

680 

(a) 

31 

1030 

4240 

• 

\"/ 

1 

1  _ 

(a)  Ice. 
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Dally  DIscharfce  of   Yellowstone  River,   above  Livingston,  in  Secend-Feet, 

for  i960. 


l)y. 


»2 

;1 
4 

.) 
() 
4 

8 

l» 

10 

V 

12 

la 

14 

iri 
ir» 
i< 

18 
U> 
a> 
21 


_  I 


-  I 


2:1 
24 

25 

2li 
27 
2S 
2i> 


Jan. 


138() 


142l> 


1340 


Ffh, 


(rt) 

(a^ 

(a) 

(a) 

(a) 

la) 
(a) 
(a) 
(a) 
la) 
la) 
(a) 

(a) 
(a) 
(a) 
(a) 
(ai 
(a» 

i:mo 


i:mo 


Mar. 


(a1 
(ai 
(a) 

(a) 
(a) 
(a) 
(a) 
1340 


12lM 


Apr. 


1265 

i:uo 

1420 

15(X) 
liVX) 
1670 

lorio 

1850 
1585 
1585 
1585 
1585 
1(528 
1(528 
1585 
1585 
1585 
1(570 

lax) 

2150 
2375 
2^*23 

2i?i>'^ 

2l5i<> 
241H^) 
2:575 
24*  H^ 
AJO^> 
2l5i3 


12lK> 


May 


2490 
1'855 
30G0 
4075 
4730 
5080 
5740 
5(52i 
(5i)20 
85>70 
10375 
11540 
9140 
7215 
5980 
5930 
(U20 
(J220 
5(570 
58(50 
(5170 
(5(500 
7070 
7550 
7i<J3 

12485 
148iv, 
i;i375 
1145l> 
UX5G0 


Juno 


10660 
11540 
12J85 
12975 
13725 
15080 
15363  I 


13375 

14530  i 

11315 ! 

10875 ' 

10455  I 

10250  i 

11773 

12730 

1248;> 

12150 

11090 

1(X5(50 

11090 

HUM.) 

11315 

lli<>5 

10:57:^ 

10170 

as6» 

9245 
S:»7i^ 
8I.>» 
71Ki5 


July 


7270 
6945 
6600 
6470 
6220 
5980 
5812 


1 5 


5."»05 

5:;k5 

51(55 
5005 
4830 
4690 
4630 
4495 
4345 
4305 
4-250 
4ia) 
4075 
4040 
39lK) 
3815 
3730 
37;i0 
37:50 

:^>55 

:i575 

:fiOO 
:M20 


Auk. 


Sept. 


Oct. 


Nov. 


33a> 

3270 
3240 
3130 
3060 
3060 
2990 
2990 
2923 
2855 
2790 
2725 
2725 
2665 
2665 
26a5 
2548 
2490 
2490 
2433 
243:1 
2433 
2375 
'2375 
2:175 
2:175 
2318 

2:n8 

22150 
2206 
2150 


2100 

2100 

2050 

2050 

2050 

2050 

2000 

2000 

1950 

1950 

1900 

1900  1 

1900  ! 

liXK)  I 

1850  I 

1823  ' 

1805 

1805  • 

1850  , 

la'X) 

1805  I 

1805 

1760 

1760 

1760 

17:^*3 

1715  I 

1715  : 

1715  : 

1715  ' 


» ^ "  ' 


1715 
17S3 
1760 
1733 
1715 
1715 
1715 
1688 
1670 
1645 
1628 
1585 
1585 
1585 
1545 
15a5 
1585 
1585 
15a5 
1545 
15S5 
1545 
1585 
1585 
1515 
1545 
1545 
1545 
1545 
1500 
1500 


_  I 


1500 
1500 
1500 
1500 
1500 
1500 
1475 
1460 
1460 
1420 
1355 
1340 
1395 
1420 
1380 
1460 
1395 
1305 

(a) 
(a) 

(a) 
(a) 
(ai 
1190 
1205 
1S40 
1380 
IJMO 
1265 
12^ 


Doc. 


1 


1305 
1355 
1340 
1340 
1340 
1340 
1340 
1340 
1340 
1340 
1340 
1340 
1190 
1265 
1265 
1265 
1265 
126o 
1265 
1265 
1265 
1265 

iiio 

1190 
1155 
1155 
1030 
1080 

(a) 


I 


xl    UV 
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Daily  Discharge  of  Milk  River,  at  Havre,  in  Second-Feet,  for  1900. 


Dy. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

1 
2 
3 
4 

I 

7 
8 
9 
10 
11 
12 
13 
14 
15 

• 

355 
438 
396 
315 
280 
248 
216 
189 
189 
169 
149 
129 
149 
149 
189 
820 
1575 
1205 
880 
640 
587 
760 
587 
485 
438 
396 

:v>5 

280 
315 
280 
315 

355 

315 

.... 

280 

216 

216 

■  * 

: 

216 

216 

189 

189 

485 
485 
840 
587 
587 
485 
43S 
315 
396 
280 
280 
280 
28Q 
280 
355 
438 
438 
280 
355 
280 
315 

149 

149 

1 

149 

;;:;;i; 

129 

1 

129 

129 

16 

1 

1:?9 

17 

I2y 

18 

% 

149 

19 

■ 

109 

2C 

109 

21 

109 

22 

1 
1 

109 

23 

109 

24 

91 

25 

91 

26 

■  ■  •  •  • 

. 

109 

27 

91 

?8 

91 

29 

91 

30 

76 

31 

June  [  July  |  Auj?.   S«'pt.  ,  Oct 


Dec. 


76 
76 

as 

63 
63 
50 
50 

a3 

76 
91 
50 
50 
39 
39 
39 
39 

30 
30 
30 
30 
21 
21 
21 


21 

12 

12 

12 

12 

12 

12 

8 

8 

8 

12 

232 

20.5 

149 

m) 

76 
63 
39 
30 
30 
21 
21 
12 
12 
12 


21 

12 

21 

12 

30 

12  1 

21 

12  1 

21 

12 

21 

30 

30 
12 
12 
12 
39 

50 

76 

91 

169 

149 

149 

149 

76 

76 

a3 

63 

as 

(53 
63 
76 
lOJ) 
109 
91 
76 
76 
76 

o:} 

()3 
76 


76 
76 
91 
109 
149 
.355 
355 
280 
248 
216 
189 
189 
169 
169 
248 
280 
315 
280 
248 
216 
216 
149 
149 
129 
129 
12J) 
129 
129 
12i) 
109 
109 


129 
129 
129 
109 
109 
109 
109 
109 
109 
76 
63 
109 
149 
109 
169 

(a) 
(a) 

(a) 
(a) 
(a) 

(a) 
(a) 

(a) 
(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 


(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
12 
12 
12 
12 
12 
30 
(a) 

(a) 
(a) 
(a) 
(a^ 

(a) 
(a) 

(a) 
(a) 


(n)  Ice. 
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MONTANA  EXPERIMENT  STATION. 


Daily  Discharge   o1 

f   Middle   Creeic,   above  Flandei 

*'d  Mill,  in  Second-Feet, 

for  1900. 

July 

■ 

Day 

Juno 

Jiih^ 

Auk. 

Sept. 

Oct. 

1 

Day 

Jiuie 

Aug. 

Sept. 

Oct. 

1.... 

118 

66 

48 

48 

16.... 

88 

51 

48 

o 

•1  .  .  .  . 

118 

m 

48 

48 

17... 

•        «   •    ■    • 

88 

51 

48 

:5.... 

88 

m 

48 

48  , 

18.... 

2:^2 

88 

51 

48 

4....' 

88 

66 

48 

48 

10.... 

192 

88 

51 

50 

c^    *••■             •■••■• 

118 

88 

48 

48  1 

20.... 

232 

88 

51 

50 

6.... 

88 

66         48 

48 

21.... 

321 

66 

51 

50 

7.... 

88 

(56 

48 

48 

•22.... 

232 

66 

50 

48 

8.... 

118. 

66 

48 

48 

23.... 

368 

m 

50 

48 

«'....  1  • .  •  ■  ■  • 

118 

66 

48 

48 

24.... 

232 

m 

50 

48 

10.... 

118 

48 

48 

25.... 

232 

88 

50 

48 

11.... 

118 

57 

48 

48 

26.... 

192 

66 

50 

48 

12..,. 

88 

55 

48 

48 

27 ... . 

192 

66 

50 

48 

13.... 

88 

58 

48 

48 

28.... 

192 

88 

50  '      48 

14.... 

88 

53 

48 

0() 

■     ••■••       ,       m^\^   •    •     •    t 

163 

66 

1      50  ,      48 

15 

118 

51 

48 

i;u).... 

118 

;      ♦H5 

48 

48 

I  31... 

1 

1    m 

48 

1 

ANNUAL  REPORT. 


69 


Daily  Discharge  of  Bitter  Root  River,  Near  fllssoula,  in  Second-Feet,  for  1900. 


1 

Dy.| 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Julr 

Aug. 

Sept. 

Oct, 

Nov. 

Dec. 

1 

1255  1 

1255 

1530 

7210 

3570 

950 

1080 

1165 

1880 

1123 

2 

1165 

1255 

2040 

7355 

3260 

950 

1080 

1080 

1930 

1123 

3 

1123 

1255 

2540 

6400 

8100 

3110 

930 

1010 

1080 

1930 

1123 

4 

1123  ' 

1165 

910 

3035 

7070 

9000 

2680 

910 

950 

1J65 

1730 

1123 

5 

iia^ 

1045 

930 

:^70 

8700 

9600 

2540 

8<)0 

950 

1165 

1635 

1165 

(5 

11G5 

1010 

930 

3810 

9600 

10200 

2475 

870 

1010 

1123 

1635 

1165 

i 

1165 

980 

980 

3975 

108CX) 

10650 

2475 

870 

1045 

1165 

1445 

1255 

8 

1165  1 

950 

1045 

3730 

10500 

93<i0 

2475 

870 

1045 

1210 

1350 

1350 

9 

1123 

950 

1080 

3490 

9750 

8700 

2280 

870 

1010 

1210 

1540 

1255 

10 

1080 

980 

1080 

3410 

10950 

7800 

2220 

870 

1010 

1165 

1350 

1255 

11 

1080 

(a) 

1255 

33;i5 

12650 

6400 

2220 

870 

1010 

1165 

1255 

1165 

12 

1123 

(a) 

1303 

3260 

14638 

6150 

1930 

853 

980 

1165 

1210 

1123 

13 

1165 

(a) 

1350 

a335 

18)50 

6150 

1830 

85.3 

980 

1080 

1210 

1080 

U 

1350 

(ai 

1445 

3260 

15200 

5910 

1830 

853 

950 

1045 

1165 

1080 

15 

1540 

(a) 

1493 

3260 

11700 

5910 

1730 

853 

950 

1045 

1165 

1080 

16 

15i0 

(a) 

1683 

3410 

10200 

870(1 

1635 

853 

9.30 

1010 

1165 

1080 

17 

1445 

(a) 

1830 

3730 

10350 

8250 

1540 

853 

1350 

1010 

1165 

1165 

18 

1  1398 

(a) 

1930 

4145 

10500 

7800 

1445 

853 

1350 

1045 

1165 

1165 

19 

'  1350 

(a) 

1985 

4230 

10650 

7500 

1398 

835 

1350 

1045 

(a) 

1255 

20 

1350 

(a) 

2040 

4320 

9600 

6795 

1398 

835 

1255 

1080 

(a) 

1255 

21 

1255 

(a) 

2040 

4410 

8400 

7210 

1255 

80<) 

1255 

1165 

(a) 

1255 

22 

1210 

(a) 

2100 

4600 

8701) 

7500 

1210 

800 

1255 

1255 

(a) 

1255 

2;^ 

1  1210 

(a) 

2100 

4410 

8400 

7650 

1165 

800 

1210 

1350 

(a) 

1255 

24 

1210 

(a) 

2160 

4230 

8250 

7500 

1165 

835 

1255 

1445 

(a) 

1165 

25 

1123 

(a) 

2160 

4060 

8100 

7800 

1123 

8.35 

1255 

1165 

1255 

1165 

2G 

1  1123 

(a) 

2280 

4060 

8100 

6660 

1123 

835 

1350 

1540 

1165 

1165 

27 

1123 

(a) 

2160 

3975 

8250 

5670 

1123 

853 

1350 

1730 

1165 

1080 

28 

1165, 

(a) 

2040 

3975 

8250 

4800 

1123 

870 

1350 

1780 

1165 

1010 

29 

1165 

2100 

8250 

42:30 

1123 

870 

1255 

1780 

1165 

950 

30 

11&5 

1930 

7355 

4060 

1010 

950 

1255 

1830 

112:3 

950 

31 

1255 

1930 

6795 

980 

1010 

1880 

950 

(a)  Ice. 
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MONTANA  EXPERIMENT  STATION. 


Dally  Discharge   of  Big   Blackfoot    River,    Nefir   Bonner,  in   Second-Feet« 

for    1900. 


Dy. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

1 

Sept. 

Oct. 

Nov. 

Dec. 

1 

824 

743 

662 

1310 

3514 

3908 

1830 

1026 

986 

824 

743 

(a) 

2 

824 

662 

662 

1391  . 

3988 

4064 

1781 

1026 

905 

824 

743 

(a) 

3 

905 

662 

702 

14;35 

398» 

4064 

1733 

986 

905 

824 

783 

(a) 

4 

864 

662 

581 

1733 

4160 

4064 

1643 

986 

905 

824 

743 

(a) 

6 

783 

702 

380 

1980 

5106 

3749 

1643 

986 

905 

824 

783 

(a) 

6  i702 

621 

420 

2325 

5877 

3988 

1553 

986 

905 

824 

824 

1067 

7 

824 

662 

500 

2520 

6005 

3749 

15o3 

986 

905 

743 

783 

986 

8 

783 

581 

702 

2650 

5877 

3514 

1512 

986 

905 

743 

783 

824 

9 

783 

540 

905 

2715 

5:363 

a)l4 

1472 

945 

824 

824 

783 

743 

10 

7a3 

021 

1512 

2585 

6005 

a357 

1472 

1026 

824 

824 

824 

702 

11 

783 

702 

2085 

2585 

6648 

3125 

1391 

986 

905 

743 

783 

783 

12 

702 

702 

2980 

2520 

8061 

2980 

1391 

905 

905 

743 

743 

702 

13 

:)45 

581 

3125 

2455 

12559 

2910 

1391 

905 

905 

74:^ 

783 

702 

14 

905 

581 

208  > 

2325 

11274 

2980 

1391 

905 

905 

743 

702 

702 

15 

864 

540 

1781 

2455 

9989 

2980 

1310 

^K)5 

824 

743 

743 

662 

16 

864 

460 

1598 

2520 

8704 

3125 

1350 

1067 

824 

824 

743 

662 

17 

783 

621 

'643 

2520 

9089 

3592 

1350 

905 

824 

945 

7a3 

581 

18 

864 

540 

1350 

2520 

8961 

3514 

1269 

1067 

905 

ISH 

cm 

621 

19 

864 

702 

1391 

2780 

8575 

3125 

1229 

905 

824 

702 

702 

621 

20 

743 

662 

1148 

2980 

7676 

2910 

1269 

864 

824 

702 

(a) 

662 

21 

783 

(562 

1107 

3200 

7290 

2980 

1229 

905 

9a5 

662 

la) 

864 

22 

824 

702 

1107 

3278 

7102 

2845 

1188 

905 

824 

743 

(a) 

905 

23 

743 

702 

1188 

3592 

63SU 

2715 

1107 

905 

824 

702 

(a) 

783 

24 

602 

662 

1269 

3749 

6.391 

2650 

1026 

905 

824 

783 

(a) 

824 

25 

702 

662 

1229 

3671 

5877 

2520 

1026 

805 

824 

702 

(a) 

783 

26 

743 

581 

1188 

3671 

52.34 

2325 

1148 

905 

743 

743 

(a) 

824 

27 

062 

621 

1269 

3671 

5106 

2200 

1229 

905 

743 

824 

(a) 

783 

28 

702 

621 

1310 

3435 

4977 

2085 

1007 

905 

824 

7a3 

(a) 

702 

29 

702 

1188 

3357 

4977 

2030 

1067 

864 

824 

743 

(a) 

702 

30 

743 

1229 

3278 

4720 

1880 

1107 

945 

824 

783 

(a) 

702 

31 

743 

1310 

3988 

1107 

864 

743 

581 

(a)  Ice 
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Daily  Discharge  of  Missoula  River,  at  Missoula,  in  Second-Feel 

:,  for 

1900. 

Dy. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aiifi:. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

(a) 

(a) 

1534 

2480 

6540 

94(10 

3260 

1404 

1278 

1430 

1560 

(a) 

2 

(a) 

(a) 

1560 

2645 

6880 

9050 

3160 

1340 

1245 

1495 

1560 

(a) 

3 

(a) 

(a) 

1495 

3160 

7475 

9050 

2980 

1404 

1300 

1470 

1560 

(a) 

4 

(a) 
(a) 

(a) 

1365 

3580 

8175 

8875 

2760 

1340 

1278 

1664 

1625 

(a) 

5 

(a) 

980 

4100 

9155 

267S 

1245 

1404 

1600 

1664 

1860 

« 

(a) 

(a) 

1030 

4400 

lOOOO 

2678 

1245 

1404 

1560 

1625 

1885 

7 

(a) 

(a) 

1365 

4900 

10600 

siih 

2645 

1190 

14ii5 

1664 

1625 

1820 

8 

(a) 

(a) 

'1560 

4650 

10120 

8175 

2513 

1190 

14.30 

1625 

1625 

1820 

9 

(a) 

(a) 

2595 

4725 

98a) 

7755 

2430 

1245 

1404 

1560 

1600 

1690 

10 

(a) 

(a) 

3600 

4475 

11120 

7580 

2315 

1135 

1365 

1560 

1025 

1600 

11 

(a 

(a) 

5400 

4100 

12950 

6775 

2232 

130.) 

1365 

15:^ 

1534 

1470 

12 

(a) 

(a) 

6950 

4400 

23600 

6240 

2150 

1245 

1300 

1495 

1430 

1365 

13 

1690 

(a) 

6300 

4225 

23600 

5^)40 

2070 

1245 

1278 

1495 

1430 

1300 

14 

19o0 

(a) 

4025 

4350 

20550 

555(1 

2025 

12-23 

1245 

1470 

1470 

1300 

15 

1730 

(a) 

.3400 

4275 

17980 

5700 

1950 

1190 

1278 

1495 

1430 

1365 

16 

1664 

(a) 

2545 

4475 

16200 

5940 

I8a5 

119i) 

2348 

1495 

14.30 

1340 

17 

1534 

450 

"2761) 

4475 

168 -tO 

6775 

1860 

1080 

16(X> 

1470 

1600 

1365 

18 

1560 

930 

264.-> 

4400 

1B700 

7580 

1820 

1113 

1625 

14:^0 

(a) 

1340 

19 

1560 

(a) 

2215 

4725 

15a50 

6390 

nrx) 

1113 

1690 

1470 

(a) 

1.300 

20 

1560 

fa) 

2348 

5100 

15450 

6000 

1625 

1080 

1664 

1470 

(a) 

1340 

21 

1600 

(a) 

2392 

5350 

13950 

5575 

L\34 

1030 

1625 

143u 

(a) 

1664 

22 

1534 

1495 

2480 

5850 

13100 

5490 

1470 

1245 

1560 

1560 

(a) 

1885 

2:^ 

1534 

1534 

2678 

6150 

12850 

5150 

1534 

1278 

1560 

1560 

(a) 

1560 

24 

1495 

1664 

2513 

6300 

12120 

5025 

1495 

1:^0 

)625 

15(30 

(a) 

1430 

25 

1223 

1664 

2480 

6300 

11520 

4900 

1534 

1404 

1560 

15.34 

1340 

26 

830 

1625 

2562 

6450 

10880 

4900 

1534 

1430 

1560 

1495 

'  (a)*  * 

1300 

27 

980 

1625 

2562 

6450 

10920 

4400 

1495 

1430 

156«) 

3470 

.(a) 

1340 

28 

730 

1625 

2562 

6:i00 

IIOIH) 

4025 

1495 

1340 

1534 

1495 

(a) 

1190 

29 

(a) 

2430 

630{J 

1060 » 

3700 

1534 

13()<) 

1534 

)(KX) 

(a) 
(a) 

1013 

30 

(a) 

2265 

6300 

10000 

3460 

1430 

1365 

J.43U 

1534 

980 

31 

(a) 

2348 

9600 

1430 

1340 

1560 

(a) 

(a)  Ice 
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BULLETINS  29  to  32. 


Bulletin  PaK^ 

No.  Nu. 

Alkali  and  Crop  Growth 'S2  36 

Alkali  Disease  of  Plants 32  42 

Alsike  Clover,  ^razin^  under  irriKa- 

tion 31  3-6 

Agriculture  in  Montana 32  6 

Agricultural  Depart ment  Reiwrt 32  16-34 

Amount  of  Water  Re<iuired  for  Irri- 

Kation 32  60 

Apples 32  55 

Arctic  Berry 32  41-42 

Barley :i2  17.  20 

Botanical  Department  Report 32  38-43 

Cabbage  Aphis • 32  48 

(^abba^e  Leaf-Miner ;«I  47 

Chemical  Department  Report 32  3.V37 

Classification  of  Weinls :«  13-17 

Clover  and  Grain  Hay  Compare^d 31  14-16 

32  24 

(\)-operatiou  with  Farmers 32  20 

Co-operative  Canals,  equitable  divi- 
sion under 32  .'jS 

(V>rrespondence 32  13,  24 

Crabs 32  56 

Curculio  of  Rose 32  49 

(.'urrant  Saw-Fly 32  47 

Director's  Report :«  6-15 

Discharge  of  the  Principal  Rivers  of 

Montana :   ...32  61-71 

Duty  of  Water 29  7-25 

32  59,  60 

Kut*mioloKical  I)ei>artment  Rejxirt . .  32  45-49 
Equitable  Division  under  (>)-opera- 

ti ve  Canals  32  58 

Erndicat i<m  of  Wet^ls :«  17-22 

Exchanges 32  14,  15 

Experiments.  Feedin^f  Beef  Cattle. .   .31  7-10 

PiKS 32  27.28 

Sheep 31  11-20 

yi  2:^,30-34 

in  F ruit  Cu Itu ro 32  55 

with  Poultrj' ;C  51 

Farmers'  Institutes 32  12 

Fattening  Lambs 31  11-20 

:«  :m)-m 

Feodini?  Experiments,  see  "  Experi- 
ments." 

Food  Examination 32  :i5 

Formalin  Treatment  for  Grain  Smut.32  25 

Fruit  Culture  Experiments 32  55 

Grain  Smut 32  25 

Grasses  and  Fora^re  Plants 32  18.  19 
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SUGAR  BEETS  IN  MONTANA. 


CROP  OF  1901. 


F.  W.  TRAPHAGEN. 


The  results  of  sugar  beet  culture  in  Montana  for  the  past  season 
have  been  most  gratifying,  and  we  feel  renewed  confidence  in  the 
opinion  expressed  in  Bulletin  No.  19,  that  "Montana  conditions  are 
favorable  to  the  production  of  sugar  beets  of  high  sugar  content  and 
standard  purity." 

Great  interest  has  been  taken  in  the  sugar  beet  work  this  year, 
because,  for  the  first  time,  the  question  of  our  ability  to  meet  the 
commercial  conditions  of  this  crop,  has  been  taken  up  seriously  by 
capitalists.  Because  of  this,  our  work  has  been  supplemented  in 
two  important  agricultural  valleys  by  others,  and,  on  account  of 
this  additional  interest,  more  attention  has  been  given  to  careful 
culture.  This  attention  is  shown  in  the  results,  which,  in  general, 
are  far  better  than  in  any  preceding  year. 

On  the  Bitter  Root  Stock  Farrp  in  particular,  a  series  of  very 
careful  tests  were  conducted,  and  the  results,  in  richness,  purity  and 
N'ield,  were  such  as  to  fully  satisfy  the  most  exacting.  These  tests 
were  conducted  by  Mr.  Thomas  Loynd,  an  experienced  sugar  beet 
culturist,  from  Utah,  and  were  made  on  different  varieties  of  soil, 
including  the  poorer  as  well  as  the  richer.  A  perusal  of  the  tables 
containing  the  results  of  these  tests  will  show  very  striking  figures. 

Sugar  beets  in  the  past  have  received  very  scant  attention  at 
the  hands  of  those  who  have  planted  them  in  this  state.  Put  in  as 
an  accommodation  to  the  Experiment  Stattion,  they  have  been  at- 
tended to  after,  every  other  interest  has  been  considered.  When 
irrigated,  if  at  all,  they  received  water  not  when  they  most  needed 
it,  but  when  most  convenient  to  the  farmer.  The  same  is  true  of 
cultivation,  and  this  crop,  which  responds  so  readily  to  painstaking 
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care,  has  been  left  to  grow  almost  unattended.  In  spite  of  this,  the 
results  have  been  very  pleasing.  Montana  seems  to  be  the  natural 
habitat  of  root  crops,  and  the  difficulty  is  to  keep  down  the  growth, 
and  prevent  the  formation  of  too  large  roots. 

Even  at  the  Experiment  Station  where  the  results  have  b^en 
such,  that  the  culture  would  always  have  been  profitable,  both  from 
the  standpoint  of  the  producer  and  of  the  manufacturer,  the  sugar 
beets  have  been  part  of  a  rotation,  in  which  they  have  been  far  from 
being  the  favored  crop. 

In  the  valley  of  Clark's  Fork  of  the  Yellowstone  River,  the 
first  experimental  .work  was  carried  on  the  past  year,  with  an  out- 
come that  would  indicate  this  valley  as  an  ideal  locality  for  the 
establishment  of  a  factory.  In  the  three  localities  just  mentioned, 
the  experiments  have  been  carried  on  in  a  sufficiently  large  scale, 
to  demonstrate  the  question  of  profitable  sugar  beet  culture  to  any 
who  make  a  careful  study  of  the  conditions  and  results. 

The  yield,  sugar  content,  and  purity,  can  be  kept  far  above  the 
standards  adopted  as  the  minimum  values,  by  sugar  beet  experts. 
as  demonstrated  by  the  past  season's  work,  which  can  be  improved 
upon  as  cultural  conditions  are  bettered.  Fuel  is  easily  obtainable 
and  cheap,  water  is  pure  and  abundant,  limestone  of  great  purity 
is  available  and  land  sufficient  to  produce  the  crop,  and  at  the  same 
lime  sustain  a  logical  three  year's  rotation,  is  at  hand  in  each  of 
these  sections. 

Xo  doubt  many  other  sections  of  the  state  could  show  just  as 
good  figures,  but,  unfortunately,  the  experiments  have  been  lacking 
in  magnitude  sufficient  to  satisfy  the  intending  investor.  Many 
results  have  been  obtained  by  farmers  in  different  portions  of  the 
state,  which  are  entirely  satisfactory  in  themselves,  but,  which,  in 
order  to  possess  their  full  value,  must  be  supplemented  by  experi- 
ments by  their  neighbors. 

A  factory  will  not  be  established  anywhere  where  there  is  not 
at  least  fifteen  thousand  acres  of  land  within  easy  reach  of  the 
factory,  either  by  rail  or  country  road,  which  will  contribute  the 
beet  crop  to  the  factory.  This  amount  of  land  planted  to  a  three 
year  rotation  of  clover,"  grain  and  beet's,  would  maintain  a  factory 
of  fair  size,  but,  a  smaller  area  of  available  land  would  hardly  be 
considered. 
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It  is  the  custom  of  the  beet  sugar  companies  to  pay  for  the 
railroad  haul,  and  where  the  beets-  are  siloed,  to  await  their  call, 
they  pay  twenty  cents  additional  per  ton.  The  method  of  siloing 
in  use  is  very  simple,  consisting  only  in  making  a  trench  more, or 
less  deep,  and  as  wide  as  necessity  demands,  and,  after  filling  with 
4)eets,  covering  over  with  the  loose  soil  previously  removed. 

The  consumption  of  sugar  in  Montana  is  sufficient  to  use  up  all 
the  product  of  at  least  one  large  factory  and  the  protection  afforded 
by  the  long  freight  haul,  with  attendant  high  tariffs,  together  with 
the  excellent  crop  returns,  will  certainly  prove  incentives,  sooner 
or  later,  to  the  establishment  of  factories  within  our  borders. 


£eeti  and  Pulp. 

Until  the  product  of  the  sugar  beet  fields  is  absorbed  by  beet 
s':ii;ar  factories,  and  while  the  experimental  work,  necessary  to 
prove  the  claims  of  various  localities,  is  going  on,  the  roots  can  be 
very  profitably  fed  to  stock,  and  prove  a  very  welcome  addition  to 
the  ordinary  dry  ration,  as  well  as  yielding  a  distinct  gain  in  flesh, 
equivalent  to  a  high  money  return  for  the  beets  fed. 

The  striking  results  obtained  at  the  Montana  Experiment 
Station  in  swine  feeding  experiments,  conducted  by  Prof.  Shaw, 
which  are  described  in  Bulletin  No.  27,  to  which  readers  of  this 
Bulletin  are  referred,  will  show  the  value  of  beets  as  food. 

This  subject  has  been  previously  taken  up  in  Bulletin  No.  19, 
and  work  subsequent  to  that  publication,  shows  that  as  a  succulent 
addition  to  the  usual  food,  the  beet  is  valuable  and  acceptable. 
This  is  particularly  true  in  our  own  state,  where  succulent  foods 
are  so  ^c$rce,  especially  in  winter. 

Climate. 

The  old  saying  "that  the  proof  of  the  pudding  is  in  the  eating" 
applies  particularly  to  the'  discussion  of  the  Montana  climate  in 
reference  to  sugar  beet  culture.  When  we  can  get  yields  of  25.6 
tons  per  acre,  of  beets  of  19.38  per  cent  sugar  content,  and  86.4  per 
cent  purity,  as  was  done  in  one  specially  favored  portion  of  the 
Bitter  Root  Stock  Farm,  and  when  almost  every  valley  in  the  state 
produces  crops  of  beets  above  the  general  commercial  average,  who 
will  say  the  Montana  climate  is  not  adapted  to  sugar  beets? 
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Experiment  Station — Variety  Tests. 
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Averages  of  all  Tests.*^ — Experiment  Station. 


3: 
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Bitter  Root  Stock  Farm. 
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Gallatin  Valley. 
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John  H.  C.  Dale,  Great  Falls . . . 
Daniel  Payne,  Monarch 

Utah    

Kleinwanzlebener    


1901I     Vilmorin 


44.00 
30.00 

13.5 
1 1.6 

12.82 
11.00 

65.00 
63.00 

48.00 
12.00 

15.4 
17.5 

14.63 
16.62 

70.00 
80,00 

33-po 

17.00 

16.15 

86.28 

11.8 
9.66 

77 

16.8 
19.2 
19.2 

15.96 
18.24 
18.24 

82,00 

80.3 

78.68 

25.00 


807s 


MONTANA  EXPERIMENT  STATION. 


II 


Yellowstone  County. 


r 

'-J 
Z 


Name. 


1785 
1786 

1902 

1965 
1929 


Av.  weight 
in  ounces.. 

Sugar  in 
juice 

Sugar  in 
beet 

3. 

Tons  beets 
per  acre... 

Wm.  Birely,  Billings 

Wm.  Birely,  Billings 
I.  D.  O'Donnell,  Billings 
I.  t>.  O'Donnell,  Billings 
C.  D.  Hatch,  Laurel 


41.00 
38.00 
38.00 

40.3 
21.00 


4.00 

54 
13.02 

12.27 

18.1 


3.8 

5-13 
12.36 

11.65 

17.2 


41.00 

56.2 

70.00 

66.00 

80.00 


r 
J?  » 

n   V 


o 


Park  County. 


o 


Name. 


Av.  weight 
in  ounces 

Sugar  in 
juice 

Sugar  in 
beet 

Purity  Coef 

Tons  beets 
per  acre... 

1920 
192 1 
1922 

1897 

1948 

1962 


L.  M.  Jones,  Myersburg 

Klein wanzlebener    

Vilmorin  

Utah   ....:... 

Gus  Nelson,  Livingston 

Andrew  Lyall,  Livingston . . . 
George  J.  Allen,  Livingston . . 


1750 

17.4 

16.53 

77.6 

20.00 

18.00 

16.00 

15.20 

70.17 

21.00 

32.00 

14-5 

1377 

69.04 

47.  * 

23.66 

16.9 

16.05 

78.00 

20.5 

12-5 

174 

16.53 

62.14 

iS-5 

18.5 

I7-.57 

81.5 

6612 

6384 

12944 
6498 


Excluded  from  average. 


Flathead  County. 


r 

p 

cr 

25 

o 


Name. 


1896 
1904 

1926 
1927 
1928 


Theodore  Koenig,  Kalispell . .  . 

Mc.  C.  Winiger,  Kalispell 

C.  E.  Pettit,  Kalispell 

T.  S.  Proud,  Kalispell 

Utah    

Vilmorin 

Klein  wanzlebener    


14.00 
14.00 

25-5 

14.2 

21.2 

9.8 


21.2 

17-3 
19.7 

17.4 

17.7 
20.2 


► 

tfi 

CO 

1 

.'.  ^        I 

^.  s 

^  s 

c 

3    •' 

C   JQ 

^  ^ 

n 

2  i    < 

|-? 

ity 

5    1 

S 

Ce     rh 

. 

-. 

1    «  "Si: 

Or.-  'I     - 


1 20.1481. 7 
1 16.43182.38 
18.64183.4 


10.0013286 
19.007083 


16.53 
16.8 

19.19 


8o.55i 
78.00 

87.4 


lO.OO 

14.00 
11. 00 


3306 
4704 

4222 
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Miscellaneous. 


•• .» • 


X 


r 
z 

0 


Name. 


e  M 


I 


m 
e 

8 


e 

a 


n  «     I    n 


II 


1 


i88o 
1852 
1890 
1 898  John 


W.  N.  Aylesworth,  Deer  Lodge 
James  Fullerton,  Red  Lodge. . . 

D.  McNeil,  Boulder > 

Flaherty,  Cold  Springs . . 

^^53  J*  S.  Crowder,  Lewistown 

1923  R.  Parkhurst,  Victor 

1982  Sidney  Ward,  Hamilton 

1868  W.  M.  Wooldridge,  Hinsdale. . 
1949  W.  M.  Wooldridge,  Hinsdale. . 

1963  Arthur  Millard,  Miles  City 

1 85 1  John  Bamber,  Glendive. , 

1849  Geo.  W.  Dana,  Deer  Lodge 


32.00 

29.2 

32.00 

14.00 

17.00 

18.00 

15.6 

14.00 

24.8 

16.00 

18.6 

1 1.8 


16.00 

14.5 
12.6 

154 
14.6 

21.00 

157 
14.7 

18.4 
14.00 

15.3 


>S-2 

88.00 

13.2 

66.5 

16.00 

13.77 

80.1 

1 1.87  85.9 

H.63 

71.6 

33.00 

13.97 

744 

19-95 

90.5 

14.91 

80.5 

20.00 

13.96 

84.9 

17.48 

78.01 

13.3 

76.5 

14.53 

75.7 

4224 


7552 


5964 


I 


General  Variety  Tests. 

(Exclusive  of  the  Experiment  Farm,. Bitter  Root  Stock  Farm,  and 
Clark's  Fork  Valley.) 


Varietj. 

At.  weight 
In  ounces. 

Sugar 
in  juice. 

Per  cent  of 

sugar 

in  beets. 

Per  cent  of 
purity. 

Kleinwanzlebener    

18.4 
21.4 

21.5 

17.00 
16.85 
16.00 

16.15 
16.00 
15.20 

Sl.*^ 

Vilmorin  * 

79.2 
75.99 

Utah   

MONTANA  EXPERIMENT  STATION 


13 


LOCALITY  AVERAGES. 


Locality. 


3  • 

2  ^ 

OB     «^ 


09 

s  dq 

C     1 

S'  — 


6 

9 
ft-  n 

3* 


f 


n 


H 

1  » 
53  ij- 


Cascade  County  (i) 
Yellowstone   County 


24.5 
35-66 


16.25 
10.56 


154 
10.00 


754 
62.6 


25.00 


8075 


Flathead    County 1 16.45 |i 8.9  1 17.95182.2411^2.8  145^0 


Valley  County  (i) 
Park  County  (2) . . . 
Custer  County  (i). 
Dawson  County  (i) 

Powell   County 

Ferg^us    County 


19.40 

iP-5 
16.00 

18.6 

21.9 

17.00 

Jefferson    County 123.00 


Carbon  County  (3) 

Missoula    County 

Ravalli  County  (4)  . . . ., 
Gallatin  County  (5) .  . . . 
Bitter  Root  Stock  Farm 


29.2 
16.7 
16.8 


15.2 

16.66 

18.4 

14.00 

15.6 

154 
1350 

13.9 

17.3 
17.8 


22,88115.46 


1443 

15-94 

17.5 

133 
14.86 

14.63 

12.82 

13.2 


82.7 

73-07 
78.06 

76.5 
81.8 

71.6 

83.00 

66.5 


16.46183.00 
16.96I82.45 


14.68 


1 3.371 20.60I  19.64 


Experiment    Farm I19.37J  17.88!  16.98 


78.9 

87.46 

84.9 


20.00 
20.5 


23.00 

16.00 
13.00 

31.00 

16.5 

10.9 


5968 
6498 


7552 

4244 
4288 

9332 
6771 

3690 


Clark's  Fork  Valley I22.7  1 17.84!  16.97I 80.5  |i8.oo!6i74 


(I) 
(2) 

(3) 
(4) 

(5) 


One  lot  onlv. 

One  locality  only. 

Excluding  Clark's  Fork  Valley. 

Excluding  Bitter  Root  Stock  Farm. 

Excluding  Experiment  Farm. 
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COMPARISON    OF    YIELDS    IN    MONTANA    AND    ELSE- 
WHERE. 


Average  Montana  Results  in  1901. 


Local  it  jr. 


Beets      .  Per  cent        Lbs. 
per  acre     sugar  \n  i    sugar 


Tons 


the  beets 


per  acre 


Bitter  Root  Stock  Farm 

Experiment   Farm 

Clark's  Fork  Valley 

Cascade  County  (a) 

Flathead   County 

Valley  County  (a) 

Park  County 

Fergus    County 

Carbon  County  (b) 

Missoula    County 

Gallatin  County  (c) 

(a).    One  lot  only. 

(b).     Excluding  Clark's  Fork  Valley 

(c).     Excluding  Experiment  Station, 


16.5 

19.64 

10.9 

16.98 

18.00 

16.97 

25.00 

15.40 

12.8 

17.95 

20.00 

1443 

20.5 

15.90 

23.00 

14.63 

16.00 

13.20 

13.00 

)  16.46 

31.00 

14.68 

6771 
3690 
6174 

8075 

4520 

5964 
6498 

7552 

4244 
4288 
9332 


Germany. 


Years. 


1890- 
1891- 
1892- 

1893- 
1894- 

1895- 
1896- 

1897- 
1898- 
1899- 
1900- 


No.  of 
factories. 


891 
892 

893 
894 

895 
896 

897 

898 

899. 
900 

901 


406 

403 
40J 

405 

405 

397 

3^ 
402 

401 
399 

395 


Acreage. 

825,825 
861,583 
869,829 

945.995 
1,090,801 

930,749 
1,049,881 

1,079,810 

1,154,229 

I.I  54.355 
IW5.790 


Tons  beets 
per  acre. 


Per  cent     *  Lbs.-  sugar 

sugar 
in  beets.         per  acre. 


1303 

12.09 

1 1. 41 

12.06 

11.29 

1 1.94 

II. 12 

12.34 

13.27 

12.15 

la-S."? 

x3.11 

13.07 

12.66 

8.62 

12.79 

11.52 

1315 

11.79 

14.4 

12.06 

14.91 

3150 
2752 

2696 

2744 

3225 
3290 

3.<<^ 
2205 

3029 

3395 
3596 
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COMPARISON    OF    YIELDS    IN    MONTANA    AND    ELSE- 
WHERE. 

France. 


Years. 


Nq.  of 
factories. 


Acreage. 


Tona  beets 


per  acre. 


Per  cent 

Kugar 
in  beets. 


Lbs  sugar 
per  acre. 


547.574 
550,786 

537.690 
543.420 
596.803 

505.851 
608.370 

564.572 

590.347 
626,480 

685.391 


10.16 

10.7 

II.6 

9.77 
9.27 

12.21 

10.9 

II-5 
10.15 

10.7 

11.37 
II.2I 

12.7 
10.8 
12.9 

10.49 
II.81 
10.79 

1334 

12.45 
15.01 

2418 

2357 

2030 
2132 

2478 

2558 

2456 

2892 
2807 

2941 
3239 


A  careful  scrutiny  of  these  tables  shows  the  steady  increase  in 
.  sugar  per  acre  in  Germany  and  France,  under  constantly  improving 
methods  of  cultivation.  But  even  with  the  extreme  care  in  culture 
and  the  constant  application  of  fertilizers,  the  results  are  far  below 
those  obtained  in  Montana,  in  every  locality  in  which  the  experi- 
mental work  has  been  carried  on.  Certainly  in  some  of  these 
localities  we  have  good  reason  to  hope  for  the  location  of  a  beet  sugar 
factory  soon. 

For  an  explanation  of  terms  and  a  general  discussion  of  the 
problem,  the  reader  is  referred  to  Bulletin  No.  19  of  this  Station, 
on  Sugar  Beets  in  Montana. 

An  extended  Bulletin  at  this  time  has  been  considered  unnecces- 
sary,  for  it  is  believed  that  the  figures  given  "speak  for  themselves.'* 


^ 


uivjv  o*^  iwion. 
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FARMERS'    WEIRS. 


By  S.  Fortieb,  Dibectob. 


INTRODUCTION. 


Daring  the  crop  growing  season  the  irrigators  of  Montana  divert 
large  volumes  of  water  from  the  natural  channels  of  the  stream.  When 
the  natural  supply  is  limited  to  the  flow  of  a  small  creek  a  few  farmers 
may  convey  the  entire  amount  through  small  ditches.  When  the 
stream  is  large  a  score  or  more  of  canals,  each  supplying  water  to 
hundreds  of  farmers,  may  be  in  use.  In  all  cases  other  than  exclusive 
individual  ownership  the  equitable  division  of  irrigation  waters  is  a 
necessity. 

For  a  long  period  after  the  first  settlement  of  the  fertile  valleys 
of  the  state,  water  was  abundant  and  little  attention  was  paid  to 
accurate  measurements,  or  a  just  division.  In  some  favored  sections 
these  conditions  still  prevail.  So  long  as  water  for  irrigation  is  cheap 
and  plentiful  western  farmers,  as  a  rule,  do  not  trouble  their  minds 
about  either  irrigation  laws  or  suitable  measuring  devices.  Until 
March  12, 1885  Montana  had  no  legal  standard  for  measuring  water  in 
motion.     In  that  year  the  legislature  enacted  the  following: 

"Sec.  1262.  The  measurement  of  water  appropriated  under  this 
chapter  shall  be  conducted  in  the  following  manner:  A  box  or  flume 
shall  be  constructed  with  a  head  gate  placed  so  as  to  leave  an  opening 
of  six  inches  between  the  bottom  of  the  box  or  flume  and  the  lower 
edge  of  the  head  gate,  with  a  slide  to  enter  at  one  side  of  and  of  suffi- 
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cient  width  to  close  the  opening  left  by  the  head  gate  by  means  of 
which  the  dimensions  of  the  opening  are  to  be  adjusted.  The  box  or 
flume  shall  be  placed  level,  and  so  arranged  that  the  stream  in  passings 
through  the  aperture  is  not  obstructed  by  back  water,  or  an  eddy  below 
the  gate;  but  before  entering  the  opening  to  be  measured  the  stream 
shall  be  brought  to  an  eddy,  and  shall  stand  three  inches  on  the  head 
gate  and  above  the  opening.  The  number  of  square  inches  contained 
in  the  opening  shall  be  the  measure  of  inches  of  water." 

From  1885  to  1898  the  miners'  inch  box  just  described  was  the 
only  legal  method  of  measuring  irrigation  water  and  the  court  decrees 
o^  that  period  in  relation  to  all  water  right  suits  are  expresssed  in 
Montana  statutory  inches. 

This  box  which  was  designed  to  measure  miners'  inches  consisted 
generally  of  a  short  flume  having  a  bottom  and  two  sides.  At  the 
upper  end  a  board  three  inches  wide  was  fastened  six  inches  above  the 
top  of  the  floor.  The  opening  formed  between  the  lower  edge  of  the 
board  and  the  floor  was  controlled  by  a  slide,  or  gate,  whii^h  moved 
horizontally.  When  the  box  was  in  place  the  irrigation  stream  to  be 
measured  was  turned  on  and  the  slide  so  adjusted  that  the  surface  of 
the  water  at  the  upper  end  of  the  box  was  level  with  the  top  of  the 
three  inch  board.  It  was  an  easy  way  of  me^asuring  water  under  a  six 
inch  pressure,  for  the  distance  from  the  top  of  the  three  inch  board  to 
the  center  of  the  opening  was  intended  to  be  six  inches.  In  measuring 
a  stream  if  the  slide  were  drawn  out  15  inches  at  the  time  the  water 
was  level  with  the  top  of  the  three  inch  board  the  opening  thus  made 
would  be  six  inches  high  and  15  inches  long  and  contain  90  square 
inches.  The  amount  of  water  flowing  through  this  opening  of  90 
square  inches  under  an  average  head  of  six  inches  would  represent  90 
miner's  inches. 

This  method  of  measuring  water  has  been  severely  criticised  by 
the  engineers  of  the  state.    Their  objections  may  be  summarized  as 

as  follows: 

(1)  It  is  not  accurate. 

(2)  It  can  only  be  used  to  measure  small  streams. 

(3)  It  is  not  adapted  to  continuous  measurements. 

(4)  It  favors  the  large  consumer. 

(5)  The  flow  may  be  considerably  increased  or  diminished  by 
slight  changes. 
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(6)  Miners'  inches  vary  in  quantity  in  dififerent  localities  of  the 
West. 

In  1898  the  state  legislature  established  a  new  standard  unit, 
defined  the  Montana  miners'  inch  and  repealed  all  laws  in  conflict 
therewith.  This  enactment  is  still  in  force  and  the  standard  units 
with  others  will  be  described  under  the  next  heading. 


DEFINITIONS. 


Cubic  Foot  per  Second. — The  standard  unit  for  flowing  water  in 
Montana  as  well  as  in  most  of  the  western  states  and  territories,  is  a 
solid,  or  cubic  foot  of  water,  moving  at  the  rate  of  a  lineal  foot  in  one 
second  of  time.  Each  foot  in  length  of  a  flume  one  foot  wide  and  one 
foot  high  inside  measurement  and  flowing  full  of  water  would  contain 
a  solid  or  cubic  foot  of  water.  Now  if  this  flume  were  placed  on  such 
a  grade  that  the  average  rate  of  flow  of  water  within  it  w6uld  be  just 
one  foot  of  distance  for  each  second  of  time  it  would  carry  a  volume 
equal  to  the  standard  unit.  This  unit  is  often  abbreviated  into  the  two 

words  SECOND-FOOT. 

In  considering  this  standard  for  flowing  water,  irrigators  should 
not  conclude  that  a  volume  of  a  certain  definite  size  is  necessary.  It 
will  be  apparent  to  all  that  a  flume  six  inches  wide  and  six  inches  high 
full  of  water  flowing  at  the  average  rate  of  4  feet  per  second  would 
also  deliver  one  cubic  foot  per  second.  In  general,  the  flow  of  any 
stream  may  be  obtained  by  multiplying  the  width  and  depth  of  the 
water  channel  in  feet  by  the  average  rate  of  flow  in  feet.  A  flume,  for 
example,  which  is  six  feet  wide  inside  and  carries  water  to  a  depth  of 
1-|  feet  would  contain  6x1-^  or  9  square  feet  of  water  area.  Now,  if  it 
is  found  that  the  average  rate  of  flow  is  two  feet  per  second  the  total 
volume  is  2x9,  or  18  subic  feet  per  second.  In  the  case  of  a  ditch  in 
earth  with  a  curved  bottom  the  area  is  not  so  readily  found  but  the 
principle  involved  is  the  same. 

Montana  Miners'  Inch. — Like  the  bushel  measure  for  grain  the 
term  miners'  inch  is  likely  to  be  continued  long  after  that  method  of 
water  measurement  has  been  abandoned.  I  do  not  know  of  a  single 
Montana  farmer  that  now  measures  his  grain  by  means  of  a  bushel 
measure  and  yet  the  large  majority  indicate  their  yields  in  bushels 
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FARMERS'  WEIRS. 


Bill  of  Material  for  Weir  Box  No.  U 


No.  of 
Pieces. 


Actual 
Dimensions' 


B.    M. 
Feet 


Wliere 
Used. 


Remarks. 


4 
3 
1 
8 
8 
2 
3 
4 
2 


lo.  lo.  Ft.  In 

2  X  12  X  8  64 

2  X  12  z  8  48 

2  X  10  X  8  1S}4 

2  X  4x4     2  22>^ 

2  X  4  X  2   10  15 

2  X  12  X  4     2  1Q% 

2  X  12  X  8  134  ^^H 

1x2x2  l^ 


1x2x8  1 


Lining  Sides. 
Lining  Bottom. 


ii 


i( 


Sills  and  Ties. 


Posts. 


A  prous. 
Weir  Board. 
Cleats,  sides. 
Cleats,  bottom. 


Lumber,  Rough. 


(I 


11 


i  I 


*t 


i  i 


Clear  Lumber  Surface. 


ti 


( t 


It 


i( 


11 


7  lbs.  20d  wire  nails. 
)4  lb.   6d.  wire  nails. 


8  MONTANA  EXPERIMENT  STATION. 


per  acre.  Scales  of  all  kinds  have  now  become  so  common  that  the 
old  fashioned  mecisure  of  our  grandfather's  time  is  nb  longer  used. 
There  have  been  like  changes  in  the  devices  used  to  measure  water 
and  while  we  still  retain  the  term  miners'  inch  we  seldom  ascertain 
the  flow  by  the  miners'  inch  box.  For  small  streams  of  water  such  as 
are  applied  to  orchard  eauA  garden  tracts  the  miners'  inch  is  a  conven- 
ient unit  and  there  are  advantages  in  continuing  its  use.  In  adopting 
a  new  standard  the  members  of  our  state  legislature  foresaw  the  ex- 
tended use  of  the  old  unit  and  so  defined  it  in  accurate  terms.  Forty 
(40)Montana  miners'  inches  are  the  exact  equivalent  of  one  cubic  foot 
per  second.  An  irrigation  stream  containing  80  miners'  inches  would 
be  described  as  two  second-feet  by  the  new  standard,  one  containing 
120  miners'  inches  as  three  second  feet,  and  so  on. 

icBE-FooT. — The  second-foot  and  the  miners'  inch  can  only  be 
used  for  water  in  motion.  It  is  often  convenient  in  irrigation  to 
describe  a  certain  volume  of  water  in  a  state  of  rest.  The  cubic  foot 
might  have  been  adopted  for  this  purpose  had  it  not  been  too  small. 
It  would  have  been  but  a  drop  in  a  bucket  when  compared  with  the 
large  quantities  used  in  irrigation.  Accordingly  the  acre-foot  has  been 
quite  generally  udopted. 

This  unit  repr<^sents  the  quantity  of  water  which  would  cover  an 
acre  to  the  depth  of  one  foot.  Since  there  are  43560  square  feet  in  an 
acre,  an  acre-foot  contains  43560  cubic  feet.  Rainfall  is  measured  in 
depth  over  the  surface  and  of  late  years  the  tendency  has  been  to 
measure  water  for  irrigation  in  the  same  way.  One  frequently  hears 
it  stated  by  practical  irrigators  that  forty  acres  of  spring  wheat  will 
require  40  miners'  inches.  But  this  statement  conveys  no  definite  idea 
as  to  the  actual  amount  of  water  applied  to  the  wheat  field  because  the 
number  of  days  the  stream  has  been  allowed  to  run  on  the  field  is  not 
given.  When,  however,  one  states  that  60  acre-feet  were  applied  in 
two  irrigations  it  shows  that  a  certain  definite  volume  of  water  was 
used  during  stated  periods  and  that  this  volume  was  sufficient  to  have 
covered  the  40  acre  field  to  a  depth  of  1-J  feet. 

One  Ibbigation. — How  much  water  does  it  require  for  one  irriga- 
tion ?  The  amount  will,  of  course,  vary  with  a  score  or  more  of  condi- 
tions.   It  may  interest  the  reader  to  know  that  of    44    experiments 
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made  by  this  Station  in  different  parts  of  Montana  the  average  was  10 
inches, of  water  over  the  surface  irrigated.  This  amount  included  all 
waste  incurred  on  the  field  but  did  not  include  the  losses  in  conveying 
the  water  from  the  natural  channel  to  the  borders  of  the  field.  The 
writer  has  found  that  with  well -made  field  laterals  and  skilled  irrigators 
6  inches  of  water  will  suffice  to  wet  the  soil  to  an  average  depth  of 
one  foot. 

The  Standard  Unit  and  the  Acre-Foot. — Irrigators  frequently 
wish  to  convert  running  water  into  volumes.  It  may  interest  them  to 
learn  that  a  second-foot,  or  40  miners'  inches,  flowing  on  an  acre  for 
one  hour  will  cover  it  to  a  depth  of  one  inch.  If  this  stream  is  allowed 
to  flow  on  an  acre  for  a  day  it  will  cover  it  to  a  depth  of  two  feet. 
This  rule  is  not  quite  exact  but  may  be  used  in  general  practice. 

Irrigation  Water  Should  be  Measured. 

Throughout  the  irrigated  portions  of  Montana,  40  acres  of  land 
with  20  miners'  inches  of  water  will  produce  more  than  80  acres  with- 
out water.  If  this  he  true,  and  the  statement  would  seem  to  be 
extremely  conservative,  a  miners'  inch. of  water  apart  from  the  cost  of 
irrigation  is  equal  in  value  to  two  acres  of  land.  Still  one  finds  that 
land  is  measured  and  mapped  and  when  sold  the  purchaser  is  careful 
to  see  that  the  deed  is  valid  and  properly  recorded.  Whereas,  in  the 
case  of  irrigation  water  probably  less  than  five  per  cent  of  the  total  vol- 
ume used  in  the  state  has  ever  been  measured. 

The  New    Standard. 

I  am  often  asked  to  explain  the  new  way  of  measuring  water. 
The  Montana  legislature  has  prescribed  no  new  method.  It  has  merely 
adopted  a  standard  unit  in  which  all  volumes  of  running  water  are 
hereafter  to  be  expressed. 

The  same  legislative  assembly  might  have  adopted  the  hundred 
weight  as  the  standard  unit  for  the  sale  of  all  grains  and  defined  the 
bushel  as  equivalent  to  50  pounds.  Such  a  law  would  not  have  com- 
pelled farmers  to  use  a  particular  make  of  scale  or  prevented  them 
from  using  the  bushel  measure.    The  citizens  of  the  state  may  measure 


MONTANA  EXPERIMENT  STATION. 


FARMERS'  WEIRS. 


11 


Bill  of  Material  for  Weir  Box  No.  2. 


No.  of 
Pieces. 

Actual 
DimeDsioDs. 

B.    M. 

Feet. 

Where 
Used. 

Remarks. 

6 

In.    In.    Ft.  In 

2  X  12  z  10 

120 

Lining,  Sides 

Lomber,  Bough. 

4 

2  X   12  X  10 

80 

Lining,  Bottom 

K                           (1 

1 

2  X     e  X  10 

10 

Lining,  Bottom 

41                           (( 

8 

2x4x6 

2Q% 

Sills  (ind  Ties 

It 

8 

2x4x84 

nx 

Posts 

(1                           (1 

2 

2  X  12  X     6 

20 

Aprons 

II                           II 

2 

2  X  12  X     4 

16 

Weir  Board 

Clear  Lnmber  Surface. 

1 

2  X  10  X     4 

6% 

Weir  Board 

II           II             II 

4 

1x2x26 

^% 

Cleats,  Sides 

II           tt            II 

2 

1x2x4 

IK 

Cleats,  Bottom 

II           II             II 

T}4  IbB.  20d  wire  nails. 
}i    lb.     6d  wire  nails. 
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irrigation  water  by  any  accurate  method    providing    the    results  are 
expressed  in  cubic  feet  per  secotid. 

CuBBENT  Meteb  Measubemants. — Of  late  years  small  insturments 
called  current  meters  have  been  manufactured  by  several  firms  at 
prices  ranging  from  $50  to  $200  each.  Thiese  meters  indicate  the 
velocity  of  the  water  in  any  open  channel  and  the  mean  velocity  when 
multiplied  by  the  area  of  the  section  gives  the  discharge.  This  mode 
of  measuring  water  has  become  quite  popular  owing  to  the  ease  and 
rapidity  with  which  it  can  be  done  and  also  to  the  fact  that  fairly 
accurate  results  can  be  obtained  without  the  use  of  flumes,  boxes,  or 
other  devices. 

Rating  Plumes. — For  occasional  measurements  the  earthen 
channel  of  a  ditch,  or  canal,  answers  all  purposes  but  when  more 
accurate  and  continuous  measurements  are  desired  rating  flumes  are 
usually  constructed.  These  consist  of  wooden  flumes  as  wide  as  the 
the  water  channel  and  from  8  to  24  feet  in  length  placed  to  conform 
with  the  grade  of  the  canal.  The  velocity  of  the  water  is  found  by 
a  current  meter  and  the  depth  of  water  is  of ter  recorded  on  a  sheet 
attached  to  a  self  registering  machine  which  needs  attention  only  every 
seventh  day. 

Weib  Boxes. — A  weir  box  usally  consists  of  a  flume  with  the  lower 
^nd  enclosed.  In  the  mi<ldle  of  the  top  of  the  lower  end  a  notch  is  cut 
through  which  the  water  to  be  measured  flows.  Weirs  require  no 
instruments  other  then  a  foot  rule,  they  are  easily  and  cheaply  made 
and  measure  flowing  water  within  two  per  cent  of  accuracy  when  all 
the  requisite  conditions  are  fulfilled.  Weir  boxes  as  compared  with 
miners'  inch  boxes  are  more  accurate  can  be  built  for  the  same  if  not 
for  less  money  and  can  be  used  to  measure  much  larger  volumes.  The 
chief  defects  of  this  device  are  that  the  box  often  ffUs  with  sediment 
which  must  be  removed  and  that  the  water  as  it  issues  from  the  notch 
requires  a  drop  of  at  least  double  the  depth  of  water  flowing  through 
the  notch. 

Where  to  Place  Farmers'  Weirs. 

For  nearly  half  a  century  western  irrigators  have  tried  to  devise  a 
way  by  which  water  might  be  measured  as  it  flows  through  a  headgate. 
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They  hoped  to  make  one  structure  answer  two  purposes.  In  this 
they  have  failed  for  the  reason  that  water  is  so  much  agitated  and  so 
irregular  in  flow  as  it  passes  through  a  head^ate  as  to  render  it 
impossible  to  secure  an  accurate  measurement.  Of  late  years,  measur- 
ing boxes  have  been  placed  at  the  most  suitable  points  below  the  head- 
gates  and  the  latter  con  irol  the  stream  while  the  former  indicate  the 
volumes.  This  rule  applies  to  weirs.  It  is  well  to  have  a  space  of  at 
least  50  ft.  between  the  two  structures  and  if  a  better  site  can  be  se- 
cured farther  down  the  ditch  the  intervening  distance  may  be  increased 
to  several  hundred  feet. 

The  weir  boxes  from  No.  1  to  No.  4  inclusive  sketched  in  this 
bulletin  are  intended  to  be  placed  near  the  head  gates  of  farmers^ 
laterals  which  divert  water  from  natural  streams  or  canals.  These 
boxes  are  designed  to  measure  from  5  to  300  miners'  inches  and  are 
intended  for  individual,  and  in  the  case  of  the  larger  sizes,  for  partner- 
ship use.  Weir  box  No.  5  may  be  used  at  the  head  of  a  large  lateral, 
or  on  one  of  the  branches  of  a  canal.  It  will  measure  sufficient  water 
to  supply  the  needs  of  from  5  to  15  farmers. 

How  to  Place  Weir  Boxes* 

Attention  has  already  been  called  to  the  fact  that  weirs  require 
a  fall  and  with  this  in  mind  select  for  a  site  a  part  of  the  ditch  that 
has  a  heavy  grade. 

The  weir  box  should  be  placed  on  a  level  in  both  directions  having 
the  floor  at  the  lower  end  on  a  level  with  the  bottom  of  the  ditch. 
The  ditch  banks  above  the  weir  box  should  be  raised  in  order  that 
the  water  may  flow  through  the  notch  in  the  weir  board.  When 
the  weir  box  is  in  position  the  apron  is  inserted  in  front  and  moist 
earth  carefully  tamped  around  the  side.  The  ditch  for  a  distance  of 
50  feet,  or  more,  above  the  weir  box  should  be  regular  and  equal  in 
depth  and  width  to  the  inner  dimensions  of  the  box.  Care  must 
be  taken  that  no  water  escapes  either  beneath  or  at  the  sides  of 
the  box. 

In  the  case  of  the  smaller  sizes,  the  box  may  be  built  at  the 
most  convenient  place,  hauled  to  the  site  and  then  put  in  place. 

It  is   usually  more  convenient  to  build  it  on  the  site.     The 
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Bill  of  Material  for  Weir  Box  No.  3. 


No.  of 
Pieoes. 


Actual 
DimensioDB. 


B.  M. 
Feet, 


Where 
Used. 


Remarks. 


6 

Id.     Id.  Ft.  In 
2  z  12  X  12 

144 

LiniDg,  Sides 

Lnmber,  Bongb 

2 

2  X  10  X  12 

40 

Lining,  Sides 

((            <( 

8 

2  X  12  X  12 

72 

Lining,  Bottom 

((            (( 

•4 

2  X  10  X  12 

80 

Lining,  Bottom 

f «            1* 

4 

4  X     4  X     6  4 

84 

Sills. 

ti            ti 

4 

8  X     4  X     6  4 

24 

Ties. 

It            <i 

16 

2  X     4  X     4  2 

67 

PostH. 

«(            (( 

3 

2  X  12  X     6  4 

• 

a5K 

Aprons. 

II            II 

1 

2  X  18  X  5  4>^ 

16 

Weir  Board 

Clear  Lumber  surfaced. 

2 

2  X  12  X  6  4>^ 

21)i 

Weir  Board 

II           II           II 

1 

4 

1  X     2  X     8  4 

3^ 

Cleats  on  Sides 

41                          II                           (1 

2 

1  X     2  X  5  4>^ 

^K 

Cleats,  Bottom 

(1                           II                            1) 

11  lbs.  20d  wire  nails. 
}4  lb.  6d  wire  nails. 
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Bill  of  Material  for  Weir  Box  No«  4. 


No.  of 
Pieces. 


Actual 
DimensioDB. 


B.  M. 
Feet, 


Where 
Used. 


Remarks. 


6 

1q.     In.  Ft.  In 
3  X  13  X  16 

190 

Lining,  Sides 

Lnmber,  Bongh 

a 

3  z  10  X  16 

58K 

Lining,  Sides 

((            '<i 

4 

3  X  13  X  16 

138 

Lining,  Bottom 

(1            (( 

4 

3  X  10  X  16 

106% 

Lining,  Bottom 

(1            1 « 

4 

4  X     4x7     8 

408-9 

Sills. 

f  1            If 

4 

8  X     4x7     8 

80% 

Ties. 

(1            «i 

16 

3  X     6x4     4 

69K 

Postfi. 

tt            tt 

a 

3  X  13  X  7     8 

80% 

Aprons. 

• 

it            It 

1 

3  X  16  X  6     4 

16  8-9 

Weir  Board 

Clear  Lnmber  surfaced. 

3 

3  X  14  X  6     4 

39  5-9 

Weir  Board 

f(           «f           ft 

4 

1  X     3x3     6 

1% 

Cleats  on  Sides 

*(           (f           (1 

3 

1  X     3x6     4 

3  1-9 

Cleats,  Bottom 

(f           ((           ( ) 

13  lbs.  30d  wire  nails. 
1  lb.  6d  wire  nails. 


■  *K  •  ••    - 


■\^«-       —    -* 
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Bill  of  Material  for  Weir  Box  No.  5. 


No.  of 
Pieces. 

% 

'  1 . 
Actual 

Dimensions  * 

B.    M. 
Feet 

Where 
Used. 

Remarks. 

10 

In.     lu.    Ft.  In 
2  X  12  X  18 

860  • 

Lining  Sides. 

Lumber,  Roagh. 

12 

2  X  12  X  18 

482 

Lining  Bottom. 

(f            it 

8 

4  X     6  X  12  K 

198 

Sills  and  Ties. 

if            (f 

16 

2  X     6x5     8 

91 

Posts. 

(f            (« 

2 

2  X  12  X  12  >^ 

48 

Aprons. 

((            i( 

1 

8  X  20x  10  8>|^ 

58K 

Weir  Board. 

Clear  Lnmber  Surfaced. 

8 

8  z  14x  10  8>^ 

112 

It        i( 

)(          ««              If 

4 

2  X    4x2     6 

6?i 

Cleats,  sides. 

■ 
•1           (f              tf 

2 

2  X     4  X  11 

14?i 

Cleats,  bottom. 

( (          f  f              it 

10  lbs.  20d  wire  nails. 

1  lb.'  6d  wire  nails. 

82  >^.  In.  X  11  Ins.  Machine  bolts. 
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frame  work  or  yokes  are  first  framed  and  put  into  position  after 
which  the  flooring  and  sides  are  nailed  on  and  last  of  all  the  weir 
board  is  inserted. 

Weir  Gauges. 

When  great  accuracy  is  required  the  depth  of  water  over  the  crest 
of  the  weir  is  found  by  means  of  an  instrument  called  a  Hooke  Gauge. 
The  farmer  uses  simpler  if  less  accurate  methods.  When  the  weir 
box  is  pla.ced,  care  should  be  taken  to  have  the  bottom  of  the  notch,  or 
crest,  level.  An  ordinary  carpenter's  spirit  level  may  be  used  for  this 
purpose.  When  the  crest  is  horizontal,  one  end  of  the  spirit  level  is 
placed  on  the  center  of  the  crest  and  when  level  the  other  end  will 
mark  the  point  for  the  zero  of  the  weir  gauge.  In  rough  work  a  nail 
may  be  driven  part  way.  into  the  side  of  the  box,  the  top  of  the  nail 
being  level  with  the  crest  of  the  weir.  A  thin  plate  of  brass  is  to  be 
preferred  to  a  nail.  In  other  cases  gai^ges  are  inserted  on  the  sides  of 
the  flume  and  properly  marked  in  tenths  of  feet  or  inches.  At  other 
times  a  post  from  1  to  2  inches  square  is  placed  in  the  center  of  the 
box  and  several  feet  above  the  weir  board.  The  top  of  this  post  is  on 
a  level  with  the  crest. 

Drawings  of  Weir  Boxes. 

The  first  sketch  represents  a  weir  box  in  use  and  is  introduced 
for  the  purpose  of  conveying  some  idea  of  the  manner  of  placing  such 
boxes  in  a  lateral^  or  ditch.  The  gauge  post  referred  to  in  a  former 
paragraph  is  shown  beneath  the  second  tie-beam.  Measurements  are 
made  from  the  top  of  the  post. 

Weir  Box  No.  1 — is  designed  to  measure  from  a  few  miners' 
inches  up  to  40  miners'  inches.  The  length  of  the  weir  notch  is  12 
inches. 

Weib  Box  No.  2 — will  measure  volumes  from  25  to  100  miners' 
inches.  If  extreme  accuracy  is  not  required  it  will  also  measure  from 
1  to  25  miners'  inches.  The  preceding  statement  applies  to  all  the 
sketches  introduced  in  this  bulletin. 

Weib  Box  No.  3 — should  be  used  for  all  streams  that  do  not  ex- 
ceed 200  miners'  inches. 

Weib  Box  No.4 — has  a  length  of  weir  of  3  feet  and  will  measure 
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qaantities  of  water  ranging  from  a  few  miners'  inches  to   300  .  miners' 
inches. 

Weib  Box  No.  5 — represents  the  kind  of  box  to  insert  on  main 
laterals  which  supply  a  number  of  individual  shareholders.  If  it  be 
desired  to  measure  volumes  larger  then  1000  miners'  inches  the  length 
of  the  weir  may  be  incressed  from  7  to  8,  9  or  10  feet.  Any  increase 
in  the  length  of  the  weir  should  be  followed  by  a  like  increase  in  the 
other  parts  of  the  box.  On  the  other  hand  if  the  volume  to  be  meas- 
ured be  less  than  1000  miners'  inches  the  length  of  the  weir  in  No.  5 
may  be  decreased  to  5  or  4,  feet  decreasing  the  other  parts  in  proportion. 

Weir  Tables. 

Table  No  1 — was  prepared  by  Mr.  J.  S.  Baker,  Instructor  in  Civil 
Engineering,  assisted  by  Mr.  W.  B.  Freeman.  To  accommodate  the 
farmers  who  use  for  the  most  part  a  carpenter's  rule  or  a  square,  the 
depths  over  the  crest  are  given  in  inches  and  fractions  of  an  inch. 
The  discharges  are  given  in  Montana  miners'  inches  and  were  com- 
puted to  the  nearest  whole  number  from  the  formula.  Q  -  3.3|  L. 
H.  2 

Table  No.  2 — is  inserted  for  the  benefit  of  engineers  and  canal 
superintendents  who  use  decimal  parts  of  a  foot  instead  of  inches  and 
fractions  thereof.  The  discharges  are  expressed  in  cubic  feet  per 
second.  This  table  is  taken  from  Bulletin  No.  86  of  the  Irrigation 
Investigation  series  of  the  Department  of  Agriculture  and  was  com- 
puted by  Mr.  C.  T.  Johnston  under  the  surpervision  of  Professor 
El  wood  Mead. 

How  to  Measure  Water  Over  Weirs. 

The  method  to  follow  can  best  be  shown  by  examples.  Let  us 
suppose  that  a  farmer  has  made  and  placed  a  box  similar  to  the  one 
shown  in  drawing  No.  1.  After  turning  in  the  water  and  allowing  it 
some  time  to  attain  a  uniform  flow  he  proceeds  to  the  weir  box  and 
with  an  ordinary  rule  measures  the  depth  of  water  flowing  through  the 
weir  notch.  Bear  iji  mind  that  this  measurement  is  not  made  at  the 
weir  board  but  at  the  regular  gauge  whether  it  be  a  nail,  brass  plate, 
or  post  as  described  under  that  head.     We  will  assume  that  the  depth 
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as  found  by  the  rule  is  8^  inches.  Now  by  referring  to  Table  1  he 
follows  down  the  first  colnmn  until  3^  is  reached.  The  weir  used  is 
one  foot  and  under  the  colu,mn  marked  *l-foot  weir'  and  opposite  the 
figure  3^  already  found  he  finds  the  number  21  which  indicates  the 
number  of  miner's  inches  flowing  over  a  one  foot  weir  when  the  depth 
of  water  is  3^  inches.  If  the  depth  had  been  i  inches,  the  flow  would 
have  been  26  miners'  inches;  if  6  inches,  48  miners'  inches  and   so  on. 

As  a  second  example,  let  us  suppose  that  Weir  box  No.  3  is  put 
in  place  and  the  water  turned  on.  The  depth  as  measured  is,  say  4 
inches.  N^w  we  search  for  figure  4  in  the  first  column  and  then  find 
the'discharge  in  the  column  marked  *2-foot  weir'  which  is  52  miners' 
inches.  If  the  depth  had  been  8  inches  the  discharge  would  have  been 
147  miners'  inches  thus  showing  that  the  discharge  over  weirs  is  not 
in  proportion  to  the  depth. 
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I  have  also  to  acknowledge  the  assistance  rendered  by  Professor 
Elwood  Mead  of  the  oflSce  of  Experiment  Stations,  Washington,  D.  C. 
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TABLE  I.    Discharges  of  Farmers'  Weirs  of  Different  lengths,  ex- 
pressed in  Montana  Miners'  Inches. 


Depth 
of 

Ifoot 

m-tt 

2  foot 

3-foot 

4-foot 

5-foot 

6  foot 

7-foot 

8-foot 

9foot 

10-ft. 

water 

on 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

crest. 

Inches. 

Miner's 
Inches. 

1 
Miner's 
Inches. 

Miner's 
Inches. 

Miner's 
Inches. 

Miner's 
Inches. 

Miner's 
Inches. 

Miner's 
Inches . 

Miner's 
Inches . 

Miner's 
Inches. 

Miner's 
Inches . 

Miner's 
Inches. 

H 

% 

U 

5-16 

7-!6 

9-16 

11-16 

•     % 

I 

1% 

IH 

1  7-16 

H 

% 

h 

U 

1  3-16 

1  9-16 

2 

2  5-16 

29i 

3H 

3H 

4 

H 

% 

Va 

I'A 

2M 

3 

m 

^H 

5M 

6 

6,^4 

7K 

H 

IH 

IH 

2M 

3K 

m 

5?4 

QVs 

•    8 

^H 

10% 

IIJ^ 

% 

IH 

2 

3 

6 

8 

10 

11 

13 

14 

16 

H 

2 

3 

4 

6 

8 

11 

13 

15 

17 

19 

21 

h 

3 

4 

5 

8 

11 

13 

16 

19 

21 

24 

27 

1 

3 

5 

6 

10 

13 

16 

19 

23 

26 

29 

32 

IVs 

4 

6 

8 

12 

15 

19 

23 

27 

31 

35 

39 

IK 

5 

7 

9 

14 

18 

23 

27 

.32 

36 

41 

45 

IH 

5 

8 

10 

16 

21 

26 

31 

.37 

42 

47 

52 

m 

6 

9 

12 

18 

24 

30 

36 

42 

48 

54 

60 

^% 

7 

10 

13 

20 

27 

34 

40 

47 

54 

60 

67 

1% 

7 

11 

15 

22 

.30 

38 

45 

52 

60 

67 

75 

l)i 

8 

12 

17 

25 

33 

42 

50 

58 

67 

75 

83 

2 

9 

14 

18 

27 

37 

46 

55 

64 

73 

83 

92 

^H 

10 

15 

20 

30 

40 

50 

00 

70 

80 

90 

100 

m 

11 

16 

22 

33 

44 

55 

66 

77 

87 

98 

109 

^% 

12 

18 

24 

36 

47 

59 

71 

83 

95 

107 

119 

2K 

13 

19 

26 

38 

51 

64 

77 

90 

102 

115 

128 

m 

14 

2L 

23 

41 

55 

69 

83 

97 

110 

124 

138 

2M 

15 

22 

30 

44 

59 

74 

89 

103 

118 

ia3 

148 

^Ji 

16 

24 

32 

47 

63 

79 

95 

111 

126 

142 

158 

3 

17 

25 

34 

51 

68 

85 

102 

119 

136 

152 

169 

w^ 

18 

26 

36 

54 

72 

90 

108 

125 

143 

161 

179 

3K 

19 

28 

38 

57 

76 

95 

114 

las 

152 

171 

190 

m 

20 

30 

40 

60 

80 

100 

121 

141 

L61 

181 

201 

^H 

21 

32 

42 

64 

85 

106 

127 

149 

169 

191 

212 

^% 

22 

34 

45 

67 

89 

112 

134 

157 

179 

201 

224 
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Table  1.     Diecharges  of  Farmere'  Weire  of  Different  len^hs,  ex- 
pressed in  Montana  Miners'  Inches. — Continued. 


Depth 
water 

l-foot 

IH-foot 

2-foot 

3-foot 

4-foot 

5-foot 

6-foot 

7-foot 

8-foot 

fKfoot 

lO^oot 

on 
crest. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Mil  ers' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

3M 

24 

35 

47 

71 

94 

118 

141 

165 

188 

212 

236 

m 

25 

37 

49 

74 

99 

124 

148 

173 

198 

222 

247 

4 

26 

39 

52 

78 

104 

130 

155 

181 

207 

283 

259 

^H 

27 

41 

54 

81 

109 

136 

163 

190. 

217 

244 

271 

ih 

28 

43 

57 

85 

114 

142 

170 

199 

227 

255 

284 

i% 

30 

44 

59 

89 

119 

148 

178 

207 

237 

267 

296 

iH 

31 

46 

62 

93 

124 

155 

185 

216 

247 

278 

309 

i% 

32 

48 

64 

97 

129 

161 

193 

226 

258 

290 

322 

i% 

34 

50 

67 

101 

134 

167 

201 

235 

268 

302 

335 

iJi 

35 

52 

70 

105 

139 

174 

209 

244 

279 

314 

349 

5 

36 

54 

72 

109 

145 

181 

217 

254 

290 

326 

362 

^H 

38 

56 

75 

113 

150 

188 

225 

263 

301 

338 

376 

5H 

39 

58 

78 

117 

156 

195 

234 

273 

312 

350 

390 

5?-8 

40 

61 

81 

121 

161 

202 

242 

282 

323 

362 

404 

514 

42 

63 

84 

125 

167 

209 

251 

292 

334 

376 

418 

5^' 

43 

65 

86 

130 

173 

216 

259 

303 

346 

389 

432 

,5% 

45 

67 

89 

134 

179 

223 

268 

313 

357 

402 

447 

.  5;g 

46 

69 

92 

138 

185 

231 

277 

.323 

369 

415 

461 

6 

48 

71 

95 

143 

190 

238 

286 

333 

381 

429 

476 

/  QH 

49 

74 

98 

147 

196 

246 

295 

344 

393 

442 

491 

^,eH 

51 

76 

101 

152 

202 

253 

304 

a54 

405 

455 

506 

.6M 

52 

78 

104 

156 

209 

261 

313 

365 

417 

469 

521 

6M 

54 

81 

107 

161 

215 

269 

322 

375 

429 

483 

537 

6?^ 

55 

83 

110 

166 

221 

276 

asi 

387 

442 

497 

552 

e% 

57 

85 

114 

170 

227 

284 

341 

398 

454 

511 

568 

eVs 

58 

88 

117 

175 

234 

292 

350 

409 

467 

525 

584 

7 

60 

90 

120 

180 

240 

300 

360 

420 

480 

540 

600 

IH 

62 

92 

123 

185 

246 

308 

370 

431 

493 

554 

616 

m 

&3 

95 

126 

190 

253 

316 

379 

443 

506 

569 

632 
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Table  1.    Discharges  of  Farmers'   Weirs  of  Diflferent  lengths,  ex- 
pressed in  Montana  Miners'  Inches. — CJontinued. 


Depth 

of 
water 

1-foot 

l-4foot 

2-foot 

8-foot 

4-foot 

5-foot 

6-foot 

7-foot 

8-foot 

fKfoot 

10-foot 

on 

crest. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miness' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

^% 

65 

97 

130 

195 

260 

324 

389 

454 

519 

584 

649 

"JH 

67 

100 

133 

200 

266 

3a3 

399 

466 

532 

599 

665 

^H 

68 

102 

136 

205 

273 

341 

409 

477 

546 

614 

682 

m 

70 

105 

140 

210 

280 

349 

419 

489 

559 

629 

699 

iJi 

72 

107 

143 

215 

286 

358 

430 

501 

573 

644 

716 

8 

73 

110 

147 

220 

293 

367 

440 

513 

586 

660 

7a3 

9% 

75 

113 

150 

225 

300 

375 

450 

525 

600 

675 

750 

SH 

77 

115 

154 

230 

307 

384 

461 

537 

614 

691 

768 

8% 

79 

118 

157 

236 

314 

393 

471 

550 

628 

707 

785 

9% 

80 

120 

161 

241 

321 

401 

482 

562 

642 

722 

803 

»% 

82 

123 

164 

246 

328 

410 

492 

574 

656 

739 

821 

8% 

84 

126 

168 

252 

335 

419 

5a3 

587 

671 

755 

a38 

m 

86 

128 

171 

257 

343 

428 

514 

599 

685 

771 

856 

9 

87 

131 

175 

262 

350 

437 

525 

612 

700 

788 

875 

SJfJ 

134 

179 

268 

357 

446 

536 

625 

714 

804 

893 

9Ji 

137 

182 

273 

364 

456 

547 

a38 

729 

820 

911 

9% 

139 

186 

279 

372 

465 

558 

651 

744 

a37 

930 

9% 

142 

190 

285 

379 

474 

569 

664 

759 

854 

949 

9% 

145 

193 

290 

387 

484 

580 

677 

774 

861 

967 

9% 

148 

197 

296 

394 

493 

592 

690 

789 

888 

986 

9Ji 

151 

201 

302 

402 

5a3 

603 

704 

804 

905 

1005 

10 

154 

205 

307 

410 

512 

615 

717 

820 

922 

1024 

lOM 

157 

209 

313 

417 

522 

626 

731 

835 

939 

1044 

lOM 

159 

213 

319 

425 

532 

638 

744 

850 

957 

1063 

io?si 

162 

217 

325 

433 

541 

650 

758 

866 

974 

:083 

lOK 

165 

220 

asi 

441 

551 

661 

771 

882 

992 

1102 

iO% 

..%■«. 

1 

224 

337 

449 

561 

673 

785 

898 

1010 

1122 

1054 

228 

342 

457 

571 

685 

799 

913 

1027 

1142 

lOJi 

232 

349 

465 

581 

697 

813 

930 

1046 

1162 
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Table  1.     Discharges  of  Farmers'   Weirs  of  Different  lengths,   ex- 
pressed in  Montana  Miners'  Inches. — Continued. 


Depth 

of 
water 

1-foot 

l^-i-foot 

2-foot 

3-foot 

4-foot 

5-foot 

6-foot 

7-foot 

8-foot 

9-foot 

10-foot 

on 
crest. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

Inches . 

• 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inched. 

Miners' 
IncheH. 

1 

Miners' 

Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners* 
Inches. 

11 

■  •  •  ■ 

m     •    \    •                         mAj\J 

355 

473 

591 

709 

827 

946 

1064 

1182 

111  8 

■  •  ■  ■ 

•    m 

240 

361 

481 

601 

721 

841 

962 

1082 

1202 

11>4 

•  •  ■  • 

w    • 

244 

367 

489 

611 

733 

856 

978 

1100 

1222 

ll^'B 

•  •  •  • 

•  • 

249 

373 

497 

621 

746 

870 

994 

1119 

1243 

nn 

•  ■  • 

•  ■ 

253 

379 

505 

632 

758 

884 

1011 

1137 

1263 

11?8 

■  •  •  • 

■  ■ 

257 

3a5 

514 

642 

770 

899 

1027 

1156 

1284 

11^4 

■  •  •  • 

«  • 

261 

391 

522 

652 

78:3 

913 

1044 

1174 

1305 

11>8 

•  •  •  ■ 

■  • 

265 

398 

530 

663 

795 

928 

1060 

1193 

1326 

12 

•  ■  ■  ■ 

•  • 

269 

404 

539 

673 

808 

943 

1077 

1212 

1347 

1218 

•  »  •  • 

*  ■ 

■  •     •  •  •  • 

410 

547 

684 

821 

958 

1094 

1231 

1368 

1214 

•  •  •  • 

•  ■ 

.  • 

417 

556 

694 

a33 

972 

nil 

1250 

1389 

1238 

•  •  •  • 

■  • 

423 

564 

705 

846 

987 

1128 

1269 

1410 

I'^H 

■  •  •  • 

■  • 

4.-J0 

573 

716 

859 

1002 

1145 

1289 

1432 

12?^ 

•  •  •  • 

•  • 

436 

582 

726 

872 

1017 

1162 

1308 

1454 

12^4 

•  •  •   i 

•  • 

442 

590 

737 

885 

1032 

1180 

1328 

1475 

12^8 

•  •  •  • 

•  • 

449 

599 

748 

898 

1048 

1197 

1348 

1497 

13 

•  •  «  • 

■  ■  fl 

456 

607 

759 

911 

1063 

1215 

1368 

1518 

lS}i 

•  •  •  • 

•  •  < 

462 

616 

770 

924 

1078 

1232 

1389 

1541 

13M 

•  •  •  • 

•  •  « 

469 

625 

781 

938 

1094 

1250 

1409 

1563 

13?B 

•  «  ■  « 

■  •  a 

475 

634 

792 

951 

1109 

1268 

1429 

1585 

131^ 

•  •  •  « 

•  •  t 

482 

643 

803 

964 

1125 

1286 

1449 

1607 

i^H 

•  •  •  • 

•  •  « 

652 

815 

978 

1140 

1303 

1469 

1629 

13% 

•  •  •  • 

«  •  • 

661 

826 

991 

1156 

1321 

1489 

1652 

IVi 

•  •   •  • 

•  ■  ■ 

670 

a37 

1006 

1172 

1340 

1509 

1675 

14 

•  •  •  • 

•  ■  « 

679 

849 

1019 

1189 

1359 

1530 

1699 

14H 

•  •  •  ■ 

•  •  • 

688 

860 

1032 

1204 

1376 

1550 

1721 

UH 

•  •  •  • 

•  *  • 

697 

871 

1046 

1220 

1394 

1570 

1743 

UH 

•  ■  •  * 

•  •  • 

706 

883 

1059 

1236 

1412 

1590 

1766 

mi 

•     •      »      9 

«  •  • 

•  •  • 

715 

894 

1073 

1252 

1431 

1610 

1789 
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Table  1.     Discharges  of  Farmers'  Weirs  of  different  lengths,    ex- 
pressed in  Montana  Miners'  Inches.— Continued. 


Depth 

of 
water 

1-foot 

IH-foot 

2-foot 

3-foot 

4-foot 

5-foot 

6-foot 

7-foot 

8-foot 

9-foot 

10-foot 

on 
crest. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

Inches. 

Minen' 
Inches. 

Miners' 
Inches. 

Miners* 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

Miners'! 
Inches. 

! 

Miners' 
Inches. 

Miners' 
Inches. 

Miners' 
Inches. 

ii% 

•   •  •  • 

r 
•  •  •  • 

725 

906 

1087 

:268 

1449 

1631 

1812 

u% 

•   •   •  • 

734 

918" 

1101 

1285 

1468 

1652 

1835 

UJi 

•  •   •  • 

743 

929 

1115 

1301 

1487 

1673 

1859 

15 

•  •  •  • 

753 

941 

1129 

1317 

1506 

1694 

1882 

15^ 

•   •  •  • 

•  •  •  « 

953 

1143 

1334 

1524 

1715 

1906 

15M 

•  •   •  • 

•  •  ■  • 

965 

1158 

1351 

1543 

1736 

1929 

15?^ 

•   •   ■  • 

■  *  •  • 

977 

1172 

1368 

1562 

1757 

1953 

15% 

•   •   t  ■ 

•  •  •  ■ 

989 

1186 

1385 

1580 

1778 

1977 

i5H 

•   •  •   • 

■  ■  •  • 

1001 

1201 

1402 

1600 

1801 

2001 

15% 

•  •   •  • 

•  ■  ■  ■ 

1013 

1215 

1419 

1620 

1822 

2025 

l5Ji 

•   •   •  • 

•  •  ■  • 

1025 

1229 

1437 

1639 

1844 

2049 

16 

«   •   •   • 

•  •  ■  ■ 

1037 

1244 

1455 

1659 

1866 

2073 

16H 

■   *   «   • 

•  •  •  • 

1049 

1259 

1472 

1678 

1888 

2098 

16M 

•   •      • 

■  ■  •  ■ 

1061 

1273 

1489 

1698 

I9I0 

2122 

16% 

•   •   •   • 

•  •  •  ■ 

1073 

1288 

1506 

I7I7 

1932 

2147 

16% 

■   •   •   • 

•  •  •  • 

1086 

I3a3 

1523 

1737 

1954 

2I7I 

16?^ 

•   •   •   • 

•  ■  •  t 

1098 

1318 

1539 

1757 

1976 

2196 

16M 

•   •   •  • 

•  ■  •  • 

1110 

13a3 

1556 

1777 

1999 

2221 

16% 

•   •   «  • 

•  •  •  ■ 

1123 

1348 

1572 

1797 

2021 

2246 

17 

•  •   • 

•  •  •  • 

1135 

1363 

1589 

1817 

2044 

2271 

n% 

•  •  •  • 

•  •  •  ■ 

* « *  • 

1378 

1607 

1837 

2066 

2296 

17M 

•  •   •  • 

•  •  •  ■ 

•  •  a  • 

1393 

1625 

1857 

2089 

2321 

n% 

•  •  •  • 

•  •  •  • 

•  •  •  a 

1408 

1642 

1877 

2II2 

2346 

n% 

•  •  •  • 

•  •  •  • 

•  •  •  a 

1423 

1660 

1897 

2134 

2372 

n% 

•  •  •  • 

•  •  •  • 

•  •  «  • 

1438 

1678 

I9I8 

2X57 

2397 

im 

•   •  •  • 

•  •  •  • 

•  ■  a  a 

1454 

1696 

1938 

2I8I 

2423      ' 

yi% 

•  «   •  • 

•  •  •  • 

•  •  •  a 

1469 

I7I4 

1959 

2204 

2448      ^ 

1 

18 

•  •  •  • 

■  •  •  • 

a  •  a  • 

1484 

1732 

1979 

2226 

2474      ^ 

i 

28 
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Table  ii. — Discharges  of  Cippoletti  Weirs  of  different  lengths,  com- 
puted from  the  formula  Q — 3.3|  LHl 


Depth- 

of 

water 

on 

Moot 
weir. 

l^foot 
weir. 

Z-foot 
weir. 

3-foot 
weir. 

4-foot 
weir. 

5-foot 
weir. 

6-foot 
weir. 

7-foot 
weir. 

8-foot 
weir. 

9-foot 
weir. 

10-foot 
weir. 

crest. 

- 

Cu.  ft. 

Cu.  ft. 

Cu.  ft. 

Cu.  ft. 

Cu.ft. 

Cu,  ft. 

Cu.  ft. 

Cu.  ft. 

Cu.  ft. 

Cu.  ft. 

Cu.  ft. 

Feet 

por  dgc* 

per  sec. 

per  sec. 

per  sec. 

per  sec. 

per  sec. 

per  sec. 

per  sec. 

per  sec. 

per  sec. 

per  sec. 

0.01 

0.0034 

0.0051 

0.0067 

0.0101 

0.0135 

0.0168 

0.0302 

0.0236 

0.0269 

0.0303 

0.0837 

.02 

.0095 

.0143 

.0190 

.0286 

.0381 

.0476 

.0571 

.0667 

.0762 

.08.57 

.OB^ 

.OS 

.0175 

.0262 

.0350 

.0525 

.0700 

.0875 

.1050 

.1225 

.1400 

.1574 

.1749 

.0* 

.0269 

.0404 

.0539 

.0808 

.1077 

.1.347 

.1616 

.1885 

.2155 

.2424 

.2893 

.05 

.0:^76 

.0565 

.075:3 

.1129 

.1506 

.1882 

.22.58 

.2635 

.3011 

.3388 

.8764 

.06 

.0495 

.0742 

.0990 

.1484 

.1979 

.2474 

.2969 

.3464 

.3958 

.4453 

.494S 

.07 

.0624 

.09;i5 

.1247 

.1871 

.2494 

.3118 

.3741 

.4385 

.4968 

.5612 

.6235 

.08 

.0762 

.1143 

.1524 

.2285 

.:mi 

.3809 

.4571 

..5333 

.6095 

.68.56 

.7618 

.09 

.0909 

.1364 

.1818 

.2727 

.36:« 

.4.545 

.  Mr«)* 

.6363 

.7272 

.8181 

.9090 

.10 

.1065 

.1597 

.2129 

.3194 

.4259 

..5:23 

.6388 

.7452 

.8517 

.9582 

1.0646 

.11 

.1228 

.1842 

.2457 

.36^5 

.4913 

.6141 

.7370 

.8.598 

.9826 

1.1054 

i.r't^i 

.12 

.iyj9 

.2U99 

.2799 

.4198 

.5598 

.6997 

.8397 

.9796 

1.1196 

1.2595 

1.3995 

.13 

.1578 

.2167 

.3156 

.4734 

.6312 

.7890 

.9468 

1.1046 

1.2624 

1.4202 

1.5780 

.14 

.1764 

.2645 

.3527 

..5291 

.7054 

.8818 

1.0581 

1.2455 

1.4108 

1..5872 

1.7336 

.15 

.1956 

.2934 

.3912 

..5868 

.7823 

.9779 

1.17:35 

1.3691 

1..5647 

1.7603 

1.9559 

.16 

.2155 

.3232 

.4:^09 

.&464 

.8619 

1.0773 

1.2928 

1.5083 

1.7237 

1.9392 

2.1547 

.17 

.2360 

.3.>40 

.472) 

.7079 

.9439 

1.1799 

1.41.59 

1.6519 

1.8878 

2.1238 

2.%596 

.18 

.2571 

.c857 

.5142 

.7713 

1.0284 

1.28.55 

1..5426 

1.7997 

2.0568 

2.31:39 

2.5710 

.19 

.2788 

.4182 

..5576 

.8.365 

1.1153 

1.3941 

1.6729 

1.9.518 

2.2306 

2.. 5094 

2.7882 

.20 

.3011 

.4517 

.6(122 

.9034 

1.2045 

1..505  5 

1.8068 

2.1079 

2.4090 

2.7101 

8.0112 

.21 

.3240 

.4860 

.6480 

.9720 

1.2960 

1.0Uf9 

1.9439 

2.2679 

2.5919 

2.9159 

3.2399 

.22 

.3474 

..5211 

.6948 

1.0422 

1.3896 

1.7:370 

2.0814 

2.4318 

2.7792 

3.13H6 

3.4740 

.23 

.3714 

.5.570 

.7427 

1.1141 

1.48.54 

1.85<58 

2.2281 

2.. 5995 

2.9700 

3.:i422 

3.7138 

.24 

.Sft^S 

.5938 

.7917 

1.1875 

1.58:^ 

1.9792 

2.. 37.50 

2.7709 

3.1667 

3.5t)25 

3.9584 

.25 

.4208 

.6;«2 

.8417 

1.2625 

1.68:« 

2.1042 

2.52.50 

2.94.58 

3.3666 

3.7875 

4.2083 

.26 

.4463 

.6695 

.8927 

1.3:fiX) 

1.7853 

2.2:317 

2.6780 

3.1243 

3.. 5707 

4.0170 

4.4633 

.27 

.4723 

.7(185 

.9447 

1.4170 

1.8893 

2.3617 

2.8340 

3.30.>3 

3.7787 

4.2510 

4.7233 

.28 

.4988 

.7482 

.9976 

1.49W 

1.99.52 

2.4911 

2.9929 

3.4917 

3.9905 

4.4^93 

4.9881 

.29 

.5258 

.7887 

1 .0515 

1.5773 

2.1031 

2.6289 

3.1.546 

3.6804 

4.2062 

4.7319 

5.2577 

.30 

.5532 

.8298 

l.U-64 

1.6.59:5 

2.2128 

2.76«30 

3.3192 

3.8724 

4.4256 

4.9788 

5.. 5320 

.31 

..5811 

.8716 

1.1622 

1.74:« 

2.:i2U 

2.9054 

3.4865 

4.0676 

4.6487 

5.2298 

5.8109 

.32 

.6094 

.9141 

1.2189 

1.8283 

2.4:^77 

3.0472 

3.6.566 

4.26(K) 

4.87.54 

5.4849 

6.0943 

.3:^ 

.6382 

.9.573 

1.2764 

1.9147 

2.5.529 

3.1911 

3.8293 

4.4<375 

5.1(fi8 

5.7440 

6.3822 

.34 

.6674 

1.0012 

1.3:^9 

2.0023 

2.(»(«I8 

3.3:372 

4.0047 

4.6721 

5.3:396 

6.0070 

6.6745 

.35 

.6971 

l.(V4.57 

1.3942 

2.0913 

2.78H4 

3.48.56 

4.1827 

4.8798 

5.5769 

6.2740 

6.9711 

.36 

.7272 

1.0908 

1.4544 

2.1816 

2.90S8 

3.6360 

4.36:32 

5.09O4 

5.8176 

6.. 5448 

7. 2-/20 

.h7 

.7.577 

1.1366 

1. 51.54 

2.2731 

3.0308 

3.7885 

4.. 546:3 

5.:3O40 

6.0617 

6.8194 

7..5771 

.38 

.7886 

1.1830 

1.5773 

2.:«v>9 

3.1515 

3.9432 

4.7:318 

5.5204 

6.3091 

7.0977 

7.8868 

.39 

.8200 

1.2;^K) 

1.6:599 

2.4599 

3.2799 

4.0998 

4.91t)8 

5.7:398 

6.. 5.597 

7.. 3797 

8.1997 

.40 

.8.517 

1.2776 

1.7034 

2.. 5.551 

3.4008 

4.2.585 

5.1102 

5.9619 

6.8137 

7.6654 

8.5171 

.41 

.88:^8 

1.32.58 

1.7677 

2.6.515 

3.5.3.54 

4.4192 

5.3031 

6.1869 

7.0708 

7.9J>46 

8.8384 

.42 

.9164 

1.3746 

1.8328 

2.7491 

3.6655 

4.. 5819 

5.4983 

6.4146 

7.3.310 

8.2474 

9.1638 

.43 

.9493 

1.4239 

1.8986 

2.H479 

3.7972 

4.7465 

5.69.58 

6.6451 

7.. 5944 

8.5437 

9.4930 

.44 

.9826 

1.4739 

1.96.52 

2.9478 

3.9:«H 

4.9130 

5.8956 

6.8782 

7.8608 

8.8434 

9.8261 

.45 

1.0163 

1.5244 

2.0326 

3.0189 

4.0652 

5.0815 

6.0978 

7.1141 

8.i;«3 

9.1466 

10.1629 

.46 

1.0504 

1.. 57.55 

2.1007 

3.1511 

4.'j014 

5.2.518 

6.3021 

7.. 3.525 

8.4029 

9.4532 

10.5036 

.47 

1.0848 

1.6272 

2.1696 

3.2514 

4.:i:i92 

5.4240 

6. 5088 

7.59.36 

8.6783 

9.7631 

10.8479 

.48 

1.1196 

1.6794 

2.2:i92 

3.. 3.588 

4.4784 

5..59W) 

6.7178 

7.8.372 

8.9567 

10.0764 

11.1960 

.49 

1.1548 

1.7321 

2.;i095 

3.  HV43 

4.6191 

5.7738 

6.9286 

8'.08»l 

9.2381 

10.3929 

11.5477 

.50 

1.19(J3 

1.78.M 

2.3806 

3.57()[t 

4.7012 

5.9515 

7.1418 

8.:i321 

9.5224 

10.7127 

11.9030 

.51 

1.8;i93 

2.4.524 

u .  'uK) 

4.5-047 

6.1309 

7.3571 

8.. 5833 

9.8095 

11.0856 

12.2618 

.52 

1.89;^ 

2.5248 

3.7873 

5.04'.)7 

6.3121 

7.5745 

8.8:370 

10.0994 

11.3618 

12.6242 

.53 

1.9485 

2.598J) 

3..s;r70 

5.1961 

6.4951 

7.7941 

9.0931 

10.. 3921 

11.6911 

12.9901 

.54 

2.0039 

2.6719 

4.0079 

5.:u:i8 

6.6798 

8.0157 

9.. 3.517 

10.6876 

12.0J>36 

13.SS95 

.55 

2.0598 

2.7465 

4.111)7 

5.4929 

6.8662 

8.2394 

9.6126 

10.^59 

12.3591 

13.7323 

.56 

2.1163 

2.8217 

4.1':^) 

5.64:i4 

7.0513 

8.4651 

9.87W 

11.2868 

12.6977 

14.1085 

.57 

2.1732 

2.8976 

i.UVA 

5.79.5:3 

7.2441 

8.6929 

10.1417 

11.5905 

13.0393 

14.4881 

.58 

2.2307 

2.9742 

4.4613 

5.94^ 

7.4:3.V> 

8.9226 

10.4097 

11.8969 

13.3840 

14.8711 

.59 

2.2886 

3.(k515 

4.5772 

6.1029 

7.6287 

9.1.544 

10.6801 

12.2059 

13.7613 

15.2573 

.60 

2.3470 

3.1294 

4.6940 

6.2587 

7.8234 

9.3881 

10.9527 

12.5174 

14.0821 

15.6468 

.61 

2.4059 

3.2U79 

4.8119 

6.4159 

8.0196 

9.6238 

11.2278 

12.8317 

14.4357 

16.0398 

FARMERS'  WEIRS. 


Table  II — Discbarges  of  Cippoletti  Weirs  of  difiereat  lengths  com- 
puted from  the  Formula  Q— 3.3J  LHI — Continued. 
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Montana  Experiment  Station. 


Bulletin  No,  35.  ...  -  flay  190a. 


BY  R.   S.   SHAW. 


SHEEP  FEEDING. 


COMPARATIVE  TESTS  WITH  LAMBS,  YEARLING 

WETHERS,  TWO-YEAR  WETHERS, 

AND  AGED  EWES. 


The  primary  obje^ct  of  this  work  during  the  past  season  was  to 
secure  data  concerning  the  relative  profits  from  feeding  sheep  of 
different  ages  for  market.  In  procuring  this  data  secondary  deter- 
minations were  made  demonstrating  many  practical  requirements 
and  results  in  a  comparative  way   along  the  following  lines,  viz : 

(i)  Amount  of  food  required,  per  head,  daily.  (2)  Relation  of 
grain  to  coarse  food  for  sheep  of  different  ages.  (3)  Actual  and 
percentage  gains  in  live  weight.  (4)  Air  dry  food  necessary  per 
pound  increase.  (5)  Relative  cost  of  food  and  increase.  (6)  Rel- 
ative profits.  (7)  Report  of  slaughter  test.  (8)  Shrinkage  in 
transit. 

This  work  was  found  to  be  necessary  because  of  the  rapidly  in- 
creasing interest  which  is  being  manifested  throughout  the  state  in 
fitting  sheep  for  market.  Because  of  climatic  conditions  peculiar  to 
the  arid  west  and  the  kind  and  quality  of  its  product,  determinations 
even  of  the  simplest  and  most  practical  character  must  be  made 
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under  these  local  conditions  to  supply  the  great  demand  for  infor- 
mation. There  has  been  a  great  demand  for  data  relating  to  the 
suitability  of  sheep  of  different  ages  for  the  purpose  stated.  In  the 
great  majority  of  cases  it  is  a  matter  of  choice  as  to  which  class  shall 
.be  used,  for  the  feeding  stocks  are  nearly  all  purchased  by  the  farmer 
from  the  rang.es  when  the  feeding  season  begins. 

For  the  purpose  of  these  experiments,  four  lots  consisting  of 
wether  lambs,  yearling  wethers,  two-year  wethers,  and  aged 
ewes  were  purchased  for  the  Station,  in  Oct.,  1902,  by  J.  M.  Robin- 
son. The  object  in  selection  was  to  secure  animals  presenting  uni- 
formity in  blood  characters  and  the  average  of  Montana  range  pro- 
duction. These  sheep  were  purchased  by  the  head,  at  the  following 
prices:  Lambs,  $1.62;  yearlings,  $2.50;  two-year-olds,  $2.65;  and 
•aged  ewes,  $2.50.  The  average  weights  when  feeding  began  w-ere: 
Lambs,  62.9  lbs. ;  yearlings,  94.Q  lbs. ;  two  years,  115.7  lbs. ;  and  ewes, 
91.6  lbs.  The  sheep  had  the  run  of  the  farm  for  a  few  days  before 
being  put  on  feed.  The  feeding  period  began  Nov.  22d,  1901,  and 
closed  February  17th,  1902,  thus  extending  over  a  period  of  88  days. 
The  same  kinds  of  food  were  used  in  each  case  and  under  similar 
conditions.  The  four  lots  were  fed  in  yards,  side  by  side,  using  racks 
for  the  hay  and  troughs  for  grain.  The  sheep  had  constant  access  to 
sheds  and  water  which  ran  through  the  yards.  Owing  to  the  peculiar- 
Iv  favorable  climatic  conditions,  the  sheds  were  not  used  bv  the 
sheep  more  than  a  few  days  when  the  protection  was  badly  needed. 

Though  it  was  the  original  intention  to  have  fed  lots  of  equal 
numbers  of  55  each,  this  was  not  possible,  owing  to  error  in  cutting 
the  various  bunches  out  from  a  large  band.  However,  the  data  here- 
after given  shows  the  difference  was  not  great  and  in  no  way  affects 
the  results.  Some,  few  average  individuals  from  each  lot  were 
slaughtered  at  home  for  photographic  purposes.  The  data  through- 
otit  is  based  on  the  number  which  reached  the  Chicago  market  and 
upon  which  the  slaughter  test  was  reported. 
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Total  Food  Consumed  and  Cost  of  Same. 


Feeding  period  began  Nov.  22d,  1901  and  ended  Feb.  17,  1902, 
covering  88  days. 

55  lambs  consumed  9958  lbs.  clover,  @  $5.00  ton $24.89 

55  lambs  consumed  3304  lbs.  barley,  @  90c  per  cwt 29.73 

Total $54.62 

51  i-yr.  wethers  consumed  16,960  lbs.  clover,  @  $5.00  per  ton.  .$42.40 
51  i-yr.  wethers  consumed  3073  lbs.  barley,  @  90c  per  cwt. . .  .$27.65 

Total. $70.05 

53  2-yr.  wethers  consumed  18,905  lbs.  clover,  @  $5.00  per  ton.  .$47.26 
53  2-yr.  wethers  consumed  3195  lbs.  barley,  @  90c  per  cwt. . . . . 28.75 

Total $76.01 

53  ewes  consumed  10,904  lbs.  clover,  @  $5.00  per  ton $47.26 

53  ewes  consumed  3195  lbs.  barley,  @  90c  per  cwt 28.75 

Total ; $56.01 

The  figures  given  above  represent  the  actual  amounts  of  food  con- 
sumed, the  percentage  of  waste  having  been  deducted.  While  the 
ideal  method  is  to  feed  without  waste,  under  conditions  such  as  these 
it  must  be  taken  into  account  in  making  accurate  determinations. 
Where  such  close  feeding  is  practiced  that  there  is  absolutely  no 
waste,  the  gains  will  be  somewhat  affected  as  the  ration  in  part  be- 
comes forced.  The  coarser  and  less  edible  the  food  the  greater  will 
be  this  loss.  Under  ordinary  conditions,  with  the  quality  of  foods 
which  can  be  produced  in  Montana  when  properly  cured,  the  loss 
should  not  exceed  two  or  three  per  cent. 

In  this  case  the  coarse  food  consisted  of  first  and  second  crop 
clover  hay.  In  general  the  quality  was  good,  though  a  small  amount 
had  discolored  in  the  stack.  It  had  been  cut  in  the  first  stages  of 
bloom. 

The  grain  food  consisted  exclusively  of  Chevalier  barley  and  was 
fed  unground  in  every  case.      While  some  question  has  arisen  as 
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to  whether  better  results  would  have  been  obtained  had  this  grain 
been  ground,  there  was  no  evidence  to  show  that  it  was  not  perfectly 
masticated  and  digested.  The  ewe  mouths  were  examined  and 
found  to  be  in  fairly  good  condition  with  one  exception  only.  A 
combination  of  grains  was  not  used  because  of  the  fact  that  many  of 
our  feeders  will  of  necessity  be  forced  to  use  some  one  kind.  Both 
wheat  and  oats  have  been  used  separately  along  with  clover  in  pre- 
vious tests.  Good  results  have  been  secured  from  all  three,  with  a 
slight  gain  in  favor  of  oats,  with  wheat  and  barley  about  equal  and 
very  close  to  the  oats  in  gains.  The  oats  have  proved  to  be  far  the 
most  expensive  food  of  the  three,  owing  to  local  prices. 


Food  Consumed  Per  Head  Pjer  Day. 


Lambs Clover,  2.05  lbs.     Barley,  .68  lbs.     Total,  2.73  lbs. 

i-year  Wethers. .  .Clover,  3.77  lbs.     Barley,  .68  lbs.     Total,  4.45  lbs. 
2-year  Wethers. .  .Clover,  4.05  lbs.     Barley,  .68  lbs.     Total,  4.73  lbs. 

Aged  Ewes Clover,  2.33  lbs.     Barley,  .68  lbs.     Total,  3.01  lbs. 

The  figures  given  above  represent  the  average  daily  consumption 
of  hay  and  grain  and  also  the  average  amount  of  total  dry  matter 
used  per  head  throughout  the  88  days.  In  the  case  of  the  lambs 
the  amount  of  food  actually  consumed  per  head,  per  day,  is  a  little 
less  than  we  had  expected.  Under  similar  conditions,  in  previous 
tests,  about  three  pounds  has  been  required  for  a  daily  ration  and 
the  feeder  should  figure  on  no  less  than  that  amount  in  making  esti- 
mates  of  the  food  required  by  large  bands. 


Relation  of  Grain  to  Coarse  Food. 


From  the  foregoing  data  we  find  the  following  relation  to  exist 
between  the  grain  and  the  coarse  food : 

In  Lamb  ration 24  per  cent  consisted  of  grain. 

In  I -year  Wether  ration 15  per  cent  consisted  of  grain. 

In  2-year  Wether  ration 14  per  cent  consisted  of  grain. 

In  Aged  Ewe  ration 22  per  cent  consisted  of  grain. 


1 
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This  relation  of  grain  and  coarse  food  (clover)  was  planned  in 
order  to  give  the  four  lots  of  different  ages  a  uniform  finish  for  the 
market.  In  the  case  of  the  lambs  the  largest  percentage  of  grain 
was  given,  not  as  being  necessary  to  produce  a  large  increase  in 
weight,  but  to  give  the  carcass  fatness;  the  tendency  in  the  lamb 
being  to  an  increase  of  a  growthy  nature  rather  than  fat.  The  weth- 
ers, being  practically  mature  sheep,  were  supplied  a  smaller  percent-  ^ 
age  of  grain  as  the  increase  in  live  weight  is  mostly  fat.  It  is  on  this 
basis  that  we  advocate  the  fattening  of  lambs  only,  when  some  grain  . 
can  be  used,  and  the  selection  of  wethers  where  alfalfa  or  clover  only 
are  available.  The  larger  ration  of  grain  was  furnished  the  ewes  be- 
cause of  poor  condition  and  vitiated  digestive  and  assimilative 
powers. 

Attention  is  especially  called  to  the  results  secured  in  these  experi- 
ments where  grain  forms  less  than  one  quarter  of  the  ration.  It  is 
only  through  the  use  of  legumes  such  as  red  clover,  alsike  and  alfalfa, 
that  such  results  can  be  secured.  Where  carbonaceous  coarse  foods 
such  as  native  hays,  corn  fodder,  sorghum,  etc.,  are  used,  then  the 
grain  must  form  one  half  to  two  thirds  of  the  ration  in  order  to 
secure  equivalent  gains. 


Weights  and  Increase  in  88  Days  from  Food  Fed. 
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The  weights  above  given  were  neither  secured  from  the  animals 
under  full  feed  nor  yet  under  a  shrinkage.  The  practice  followed 
was  to  weigh  from  eight  to  nine  hours  after  the  morning  feed.  The 
weights  were  taken  every  two  weeks  but  owing  to  the  uniformity 
in  these  the  final  results  only  are  reported.  Attention  is  particularly 
called  to  the  column  above  giving  the  percentage  increase  in  live 
weight.  With  the  exception  of  the  ewes  the  gains  per  head  foi" 
88  days,  as  well  as  the  gains  per  month,  appear  to  be  quite  similar, 
and  until  presented  in  a  way  in  which  comparison  is  made  more 
clear,  the  differences  are  not  so  manifest.  The  percentage  of  in- 
crease added  to  the  original  live  weight  was  as  follows:  Lambs 
37  per  cent,  i-yr.  wethers  24.7  per  cent,  2-yr.  wethers  20.9  per  cent, 
and  aged  ewes  17  per  cent. 


Amount  of  Air  Dry  Food  Consumed  Per  Pound  Increase  Including 

Maintenance. 


Lambs Dry  food  consumed  per  pound  gain,  10.16  lbs. 

i-yr.  Wethers Dry  food  consumed  per  pound  gain,  16.6    lbs. 

2-yr.  Wethers Dry  food  consumed  per  pound  gain,  17.1    lbs. 

Aged  Ewes Dry  food  consumed  per  pound  gain,  17.5    lbs. 

Owing  to  the  small  proportion  of  grain  in  the  ration,  viz. :  .68  tb 
per  head  per  day,  the  total  amount  of  dry  food  required  to  produce 
a  pound  of  gain  is  larger  than  where  more  grain  is  used.  In  previous 
experiments  where  about  one  pound  of  grain  was  used  in  the  daily 
ration  for  lambs,  along  with  clover,  only  8.75  pounds  of  dry  matter 
was  required  to  produce  a  pound  of  increase. 

In  the  above,  the  comparison  between  the  lambs  and  ewes  is 
made  on  an  equal  basis,  but  in  the  case  of  the  wethers  the  propor- 
tion of  hay*  is  greater,  consequently,  the  amounts  given  for  them 
are  a  little  high  in  comparison. 
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Relative  Cost  of  Production. 


Lambs Cost  per  loo  pounds  increase  in  live  weight,  $4.18 

i-yr.  Wethers Cost  per  100  pounds  increase  in  live  weight,    5.83 

2-yr.  Wethers Cost  per  100  pounds  increase  in  live  weight,    5.90 

Aged  Ewes Cost  per  100  pounds  increase  in  live  weight,    6.78 

The  cost  of  production  is  a  matter  which  of  course  materially 
affects  the  financial  results..  In  the  figures  given  above  we  find 
one  more  striking  illustration  of  the  fact  that  the  younger  the 
animal  the  less  will  be  the  cost  of  increase  in  live  weight  produced 
by  it.  And  then  in  referring  to  the  sale  statement,  we  find  the  value 
thereby  given  is  in  about  an  inverse  proportion  to  the  age  of  the 
animal^. 

Attention  is  called  here  to  the  fact  that  an  accurate  comparison 
can  only  be  made  between  the  lambs  and  ewes,  as  about  the  same 
relationship  existed  in  these  two  cases  between  the  grain  and  coarse 
food.  The  lamb  and  ewe  rations  contained  24  and  22  per  cent  of 
grain  respectively,  while  the  wether  rations  contained  only  14  and 
15  per  cent  of  grain.  As  the  grain,  however,  was  worth  about  i  cent 
per  pound  and  the  clover  ^4  ^c"t  per  pound,  this  difference  in  price 
would  about  even  things  up  in  the  case  of  the  wethers. 


Per  Capita  Cost  of  Food  Consumed. 


Lambs,  value  of  food  consumed  per  head  during  88  days,  $  .99 
l-yr.  Wethers,  value  of  food  consumed  per  head  during  88  days,  1.37 
2-yr.  Wethers,  value  of  food  consumed  per  head  during  88  days,  1.43 
Aged  Ewes,  .value  of  food  consumed  per  head  during  88  days,  1.05 
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Financial  Statement. 


LAMBS. 

Nov.  22,  1901,  To  55  lambs  at  $1,621/2  per  head, $  89.37 

Feb.  17,  1902,  To  cost  of  feed  for  88  days 54.62 

Feb.  25,  1902,  To  cost  of  shipping 42.96 

Feb.  25,  1902,  By  55  lambs,  4340  lbs.  at  $6.50  per  cwt.                $282.10 
Feb.  25,  1902,  To  net  profit 95.15 

$282.10    $282.10 

1-YEAR  WETHERS. 

Nov.  22,  1901,  To  51  i-yr.  wethers  at  $2.50  per  head. ..$127.50 

Feb.  17,  1902,  To  cost  of  feed  for  88  days 70-05 

Feb.  25,  1902,  To  cost  of  shipping 54-84 

Feb.  25,  1902,  By  51  wethers,  5540  lbs.  at  $5.85  cwt.                  $324.09 
Feb.  25,.  1902,  To  net  profit : 71.70 

$324.09    $324.09 

2-YEAR  WETHERS. 

Nov.  22,  1901.  To  53  2-yr.  wethers  at  $2.65  per  head.. $140.45 

Feb.  17,  1902,  To  cost  of  food  for  88  days 76.01 

Feb.  25,  1902,  To  cost  of  shipping 67.30 

Feb.  25,  1902,  By  53  wethers,  6800  lbs.  at  $5.40  cwt.  $367.20 

Feb.  25,  1902,  To  net  profit 83.44 

$367.20"   $367.20 

AGED  EWES. 

Nov.  22,  1901,  To  53  ewes  at  $2.50  per  head $132.50 

Feb.  17,  1902,  To  cost  of  food  for  88  days 56.01 

Feb.  25,  1902,  To  cost  of  shipping •.     49.89 

Feb.  25,  1902,  By  53  ewes,  5040  lbs.  at  $4.75  cwt.  $239.40 

Feb.  25,  1902,  To  net  profit i.oo 

$239740    $239.40 

In  determining  the  relative  profits  from  each  of  the  four  lots  it 
was  necessary  to  divide  the  expense  of  shipping,  consisting  of  frieght 
charges,  feed,  commission,  etc.  This  was  done  on  the  basis  of 
weights,  as  the  two  most  important  features  of  expense,  freight  and 
feed,  are  in  proportion  to  weight.  Owing  to  stop-overs  for  feeding 
the  expenses  in  this  case  were  considerably  above  the  average, 
which  prevents  our  profits  from  being  still  larger. 
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Relative  Profits  From  the  Four  Lots. 


55  lambs  gave  a  net  profit  of  $95.15  or  $1.73  per  head. 

51  i-year  wethers  gave  a  net  profit  of  $71.70  or  $1.40  per  head. 

53  2-year  wethers  gave  a  net  profit  of  $83.44  or  $1.57  per  head. 

53  aged  ewes  gave  a  net  profit  of  $1.00,  or  1.8  cents  per  head. 

The  figures  given  above  do  not  represent  the  total  profits.  The 
hay  was  charged  up  at  $5  per  ton  and  grain  at  90  cents  .per  cwt. 
Both  prices  being  above  cost  of  productipn,  a  secondary  profit  oc- 
curs here  which  is- not  considered  in  the  data.  It  is  the  custom 
in  all  feeding  experiments  to  offset  the  cost  of  labor  by  the  value  of 
the  manue  left  on  the  farm  to  maintain  fertility.  The  greater  profit 
from  the  two-year  wether^  as  compared  with  the  yearlings  is  due 
to  the  purchase  prices.  While  94.9  lb.  yearlings  ccst  $2.50,  115.7  lb. 
two  year  olds  were  purchased  at  $2.65. 


Report  of  Slaughter  Test,  by  Swift  &  Co.  of  Chicago. 


55  lambs,  average  79  lbs.,  $6.50,  dress  54.2  per  cent. 

51  i-year  wethers,  average  108  lbs.,  $5.85,  dress  52.9  per  cent. 

53  2-year  wethers,  average  128  lbs.,  $5.40,  dress  53.5  per  cent. 

53  ewes,  average  95  lbs.,  $4.75,  dress  50.6  per  cent. 

"We  consider  all  of  these  sheep  and  lambs  a  useful  class  of  stock, 
not  too  fat,  and  they  dress  about  2  per  cent  above  the  average  com- 
ing to  the  Chicago  market  at  the  present  time." 

**The  percentage  of  dressed  weight  is  figured  on  a  basis  of  actual 
weight  immediately  after  killing,  shrunk  3  per  cent ,  which  is  about 
what  the  mutton  will  shrink  after  hanging  over  night." 


Shrinkage. 


This  was  determined  from  weights  when  sheep  were  taken  off 
feed  on  February  17th  and  the  weights  given  in  sale  bill  from 
Chicago  February  24th. 
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Lambs  shrunk  7.6  lbs.  or  8.7  per  cent. 

I -year  wethers  shrunk  10.4  lbs.  or  8.7  per  cent. 

2-year  wethers  shrunk  12.    lbs.  or  8.5  per  cent. 

Aged  ewes  shrunk  12.2  lbs.  or  11.3  per  cent. 
For  the  benefit  of  those  interested  in  shipping  and  that  the  figures 
relating  to  shrinkage  may  be  better  understood,  we  give  the  follow- 
ing detailed  account  of  the  trip,  as  provided  by  Mr.  Robinson,  who 
accompanied  the  shipment.  The  sheep  left  Bozeman  about  noon 
of  the  i8th  of  February  and  arrived  at  Mandan  on  the  19th 
at  3  p.  m.,  where  they  were  fed  hay  only.  Left  Mandan  at  noon  on 
20th  and  arrived  in  St.  Paul  at  5:30  a.  m.  21st,  where  the  sheep  re- 
ceived a  grain  ration  with  the  hay.  Left  St.  Paul  at  noon  23d  and 
reached  Chicago  at  4  a.  m.  24th.  The  sheep  were  weighed  and  sold 
at  10  a.  m.  The  time  actually  in  transit  was  three  days  and  four 
nights.  Mr  Robinson  suggests  that  it  would  be  of  material  interest 
to  shippers  to  stop  and  feed  at  a  point  nearer  Chicago. 


Cost  of  Marketing. 


This  includes  all  expense  of  shipping,  such  as  transportation, 
yardage,  feed,  commission,  etc.  As  before  stated,  these  expenses 
were  divided  in  proportion  to  the  weights  of  the  four  lots  in  determ- 
ming  the  relative  profits  from  each,  on  the  basis  that  freight  tariff 
is  the  same  per  pound  and  that  the  food  consumed  while  in  transit 
is  in  proportion  to  the  weight  of  the  animals.  On  this  basis,  we  get 
the  following  relative  cost  of  marketing: 

55  lambs,  weight  4340  lbs.,  cost  of  marketing  $42.96,  cost  per 
head,  $  .78. 

51  i-year  wethers,  weight  5540  lbs.,  cost  of  marketing  $54.84,  cost 
per  head,  $1.07. 

S3  2-year  wethers,  weight  6800  lbs.,  cost  of  marketing  $67.30,  cost 
per  head,  $1.27. 

53  ewes,  weight  5040  lbs.,  cost  of  marketing  S49.89,  cost  per 
head  $  .94. 

Average  cost  per  head,  $1.01. 


MONTANA  EXPERIMENT  STATION.  13 

The  shipper  will  be  safe  in  accepting  the  above  data  as  regards 
the  cost  of  marketing,  as  in  this  instance,  the  expenses  are  a  trifle 
above  normal.  This  is  due  to  the  necessity  of  holding  over  in  St. 
Paul  for  two  and  one-half  days  in  order  to  complete  the  trip  with  a 
special  stock  train.  In  this  case  the  expense  of  marketing  was 
practically  one  cent  per  pound  with  the  various  classes. 


Sununary  of  Facts. 


(i).  The  feeding  of  lambs  for  market,  is  more  profitable  than 
wethers  or  ewes,  providing  the  ration  is  so  adjusted  as  to  give  their 
rapid  increase  a  finish. 

(2).  Owing  to  the  growthy  tendency  of  the  iamb,  its  ration  must 
possess  more  fat  producing  material  than  the  mature  sheep. 

(3).  Where  grain  is  not  available,  the  mature  wether,  though 
making  a  smaller  proportionate  increase,  will  fatten  more  readily 
than  the  lamb  on  clover  or  alfalfa  alone.  The  use  of  from 
one  half  to  three  quarters  of  a  pound  of  grain,  along  with  clover 
or  alfalfa,  throughout  a  period  of  from  70  to  90  days,  is  necessary  to 
produce  a  proper  finish  for  shipping. 

(4).  For  lambs,  yearling  and  two  year  wethers  and  aged  ewes, 
the  following  amounts  of  food  were  consumed  per  head,  per  day, 
viz:  2.73  lbs.,  4.45  lbs.,  4.73  lbs.,  and  3.01  lbs.  Attention  is  called  to 
the  fact  that  the  amount  consumed  by  the  lambs  is  small,  due  to  their 
light  weights. 

(5).  In  order  to  secure  an  even  finish,  the  grain  fed  formed  the 
following  percentages  of  the  ration,  viz :  For  lambs  24  per  cent., 
i-year  wethers  15  per  cent ,  2-year  wethers  14  per  cent.,  aged  ewes 
22  per  cent. 

(6).  The  relative  increase  in  live  weight  is  represented  in  the 
following  percentages:  For  lambs  37.7  per  cent.  i-year  wethers 
24.7  per  cent,  2-year  wethers  20.9  per  cent,  ewes  17  per  cent. 

(7).  The  following  amounts  of  air  dry  food  were  required  for 
maintenance  and  per  pound  increase,  viz:  Lambs  10.16  lbs.,  i-year 
wethers  16.6  lbs.,  2-year  wethers  17  lbs.  and  ewes  17.5  lbs.     As  here- 
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tofore' explained,  this  comparison  applies  properly  to  lambs  and 
ewes  only,  owing  to  difference  in  the  proportionate  make  up  of  the 
wether  rations. 

(8).  Relative  costs  of  production  per  loo  lbs.  increase:  Lambs 
$4.18,  i-year  wethers  $5.83,  2-year  wethers  $5.90,  aged  ewes  $6.78. 

(9).  Per  capita  cost  of  food  consumed  during  88  days:  Lambs 
99c,  i-year  wethers  $1.37,  2-year  wethers  $1.43,  ewes  $1.05. 

(lo).  Relative  profits  per  capita  from  the  four  lots:  Lambs 
$'-73»  I-year  wethers  $1.40,  2-year  wethers  $1.57,  aged  ewes  1.8  cents. 

(ii).     Percentage  of  cjressed  carcass  after  deducting  3  per  cent 
from  same :     Lambs  54.2  per  cent ,  i-year  wethers  52.9  per  cent ,  2- 
year  wethers  53.6  per  cent ,  ewes  50.6  per  cent. 

(12).  Shrinkage  in  transit,  covering  1400  miles,  determined  from 
weights  while  on  full  feed  and  those  of  sale:  Lambs  8.7  per  cent., 
I-year  wethers  8.7  per  cent  ,  2-year  wethers  8.5  per  cent.,  ewes  11.3 
per  cent. 

(13).  The  suggestion,  resulting  from  personal  experience,  is 
offered  to  the  effect  that  sheep  will  withstand  shipping  better  if  kept 
on  a  limited  allowance  during  transit,  rather  than  on  full  feed.  But 
that  feed  and  rest  are  essential  toward  the  close  of  trip. 

(14).'  The  total  net  profit  from  the  car  of  mixed  sheep  was 
$251.29. 

(15).  Even  though  the  cost  of  marketing  is  a  large  item,  still, 
this  is  offset  by  cheap  feeders  and  an  abundance  of  cheap  food  of 
good  quality  which  renders  the  feeding  business  a  profitable  indus- 
irv. 
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PART  1 1. 


CATTLE   FEEDING 


The  objects  sought  hi  this  work  were  to  determme  the  relative 
results  from  feeding  light,  medium  and  heavy  grain  rations  in  con- 
junction with  legumes  for  fattening  purposes.  Though  similar 
work  has  been  done  along  these  same  lines  in  other  portions  of  the 
country,  still,  it  was. thought  best  to  repeat  it  here  owing  to  tHe 
marked  difference  in  the  quality  of  Montana  grown  food  stuffs. 
,  Figures  were  also  sought  to  support  previous  assertions  of  the  fact 
that  only  a  minimum  amount  of  grain  is  necessary  along  with  our 
legumes  to  produce  a  good  quality  of  beef  or  mutton. 

For  the  purpose  of  this  experiment  twenty-two  2-year  old  steers 

w^ere  purchased  by  Mr.  Jos.  Kountz.    These  animals  were  grades 

showing  Shorthorn  blood  and  were  growthy  but  thin  and  in  a  condi- 
tion to  put  on  flesh  rapidly  as  the  figures  show.     They  were  about 

the  average  of  range  production. 

The  feeding  period  was  divided  into. three  parts,  viz:  preliminary 
test  and  final.  The  preliminary  period  of  twenty  four  days  extend- 
ing from  Dec.  9th,  1901  to  Jan.  3d,  1902,  was  necessary  in  order  to  get 
the  animals  all  under  full  feed  after  the  operation  of  dehorning.  The 
trial  test  proper  was  a  short  one  extending  from  Jan.  '3d  to  Mar. 
28th,  a  period  of  eighty  five  days.  In  the  final  the  animals  were 
merely  kept  on  feed  till  April  12th  when  they  were  disposed  of. 

The  feeding  was  done  in  open  yards  with  sheds  provided  for 
shelter  and  with  constant  access  to  water.  The  sheds  were  used 
at  night  almost  continually  while  in  the  case  of  the  sheep  very  sel- 
dom. In  general  the  weather  was  a  little  too  mild  during  the  test 
proper.  The  yards  thawed  out  nearly  every  day.  The  best  condi- 
tions seem  to  be  when  the  thermometer  does  not  rise  above  32 
degrees  during  the  day. 
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Food  Consumed  by  Three  Lots  and  Cost  of  Same. 


LOT  I.    7  STEERS. 

Clover  fed  Jan.  2d  to  Mar.  28th,  11,540  lbs.  at  $5  per  ton $28.85 

Barley  meal  fed  Jan.  2d  to  Mar  28th,  2975  lbs.  at  90c  percwt.  26.77 

Total .$55.62 

LOT  II.    7  STEERS. 

Clover  fed  Jan.  2d  to  Mar.  28th,  1 1,560  lbs.  at  $5  per  ton $28.95 

Barley  meal  fed  Jan.  2d  to  Mar.  28th,  4008  lbs.  at  90c  per  cwt. 36.07 

Total $65.02 

LOT  III.    8  STEERS. 

Clover  fed  Jan.  2d  to  Mar.  28th,  13,500  lbs.  at  $5  per  ton $33-75 

Barley  fed  Jan.  2d  to  Mar.  28th,  6057  lbs.  at  90c  per  cwt $54.51 

Total .$88.26 

The  clover  hay  was  fed  twice  each  day  in  racks  so  constructed 
that  there  was  no  waste.  The  barley  was  ground  and  the  meal  fed 
in  flat  troughs  raised  about  three  feet  above  the  ground. 


0. 


Average  Amount  of  Food  Consumed  per  Day. 


Lot  I.     Clover  consumed  per  head  per  day 19.3  lbs. 

Lot  I.     Barley  meal  consumed  per  head,  per  day 5.    lbs. 

Total 24.3  lbs. 

Lot  II.     Clover  consumed  per  head  per  day 19.4  lbs. 

Lot  II.     Barley  meal  consumed  per  head  per  day 6.73  lbs. 

Total 26.13  lbs- 
Lot  III.     Clover  consumed  per  head   per  day 19.8  lbs. 

Lot  III.     Barley  meal  consumed  per  head   per  day 8.9  lbs. 

Total 28.7  lbs. 

Attention  is  called  to  the  fact  that  the  amounts  of  clover  consum- 
ed daily  are  about  the  same  for  the  -three  lots,  even  though  the 
amount  of  grain  increased  from  lot  I.  up.     The  fact  that  more  food 
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was  required  even  where  more  grain  was  fed  is  due  to  the  greater 
weights  of  lots  II.  and  III.      The   division  was  made   on   a  basis 

of  quality  rather  than  weight.    The  aim  being  to.  have  the  steers 
of  the  different  lots  as  even  in  quality  as  possible. 


Preliminary  Weights  and  Effect  of  Dehorning. 


22  Steers,  weight  Dec.  9th,  1901,  22185  lbs.,  average  1008. 
22  steers,  weight  Jan.  2d,  1902,  23170  lbs.,  average  1053. 

Average  gain  during  period  of  twenty  four  days  45  lbs. 

Gain  per  head  per  day  during  period  of  24  days,  1.87  lbs. 

Gain  per  head  per  day  during  period  of  85  days,  2.27  lbs. 
The  figures  relating  to  weights  secured  during  the  preliminary 
period  show  that  dehorning  had  little  effect  on  the  steers.  The 
average  daily  gains  are  some  smaller,  which  is  partly  due  to  the  fact 
that  less  grain  was  fed  than  in  the  next  period.  These  animals  fed 
heartily  immediately  after  the  operation. 


Test  Weights,  for  85  Day  Period. 
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Food  Per  Head  Per  Day  per  100  lbs.  Live  Weight. 


Pen  I.  Average  1077  lbs.  barley  per  cwt.  .46  lbs.  clover  1.79  lbs. 
Pen  II.  Average  1130  lbs.  barley  per  cwt.  .59  lbs.  clover  1.71  lbs. 
Pen  III.    Average  1230  lbs.  barley  per  cwt.  .72  lbs.  clover  1.61  lbs. 
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The  results  indicate  that  where  legumes  are  used  as  roughage, 
not  more  than  one-half  pound  of  meal  per  loo  lbs.  live  weight,  per 
day,  is  necessary  to  produce  satisfactory  gains  and  at  the  smallest 
cost.  This  is  true  only,  however,  of  perfectly  cured  and  preserved 
clover  and  alfalfa,  such  as  are  produced  in  the  arid  west. 


Solid  Food  per  lb.  Increase. 


Lot.      I.     Food  per  pound  increase,  10.4  lbs. 

Lot.    IL     Food  per  pound  increase,  11.5  lbs. 

Lot.  in.     Food  per  pound  increase,  12.9  lbs. 

Attention  is  called  to  the  fact  that  these  figures  include  mainten- 
ance during  the  time  each  pound  was  being  produced  and  that  owing 
to  differences  in  live  weight  these  figures  would  be  affected  accord- 
ingly. 


Cost  Per  Pound  Increase. 


Pen  No.  L  Cost  per  cwt.  increase,  $4.00 
Pen  No.  IL  Cost  per  cwt.  increase,  $4.81 
Pen  No.  III.     Cost  per  cwt.  increase,  $5.80 


Financial  Statement. 


Jan.  2d,  1902 — By  clover,  first  period,  14,295  lbs.  at  $5  per  ton..$  35.73 
Jan.  2d,  1902 — By  barley,  first  period,  1141  lbs.  at  90c  cwt.. . .  10.26 
Mar.  28,  1902 — By  clover,  test  period,  36,600  lbs.  at  $5  per  ton .  91.50 
Mar.  28,  1902 — By  barley,  test  period,  13,040  lbs.  at  90c  cwt.  . .  117.35 
Apr.  12,  1902 — By  clover,  third  period,  6435  lbs.  at  $5  per  ton ..  16.08 
Apr.  12,  1902 — By  barley,  third  period,  2267  lbs.  at  90c  cwt. .  .     20.4^ 

Dec.  9,   1901 — By  20  steers,  at  $33.00  per  head 660.0c 

Dec.  9,   1901 — By  2  steers,  at  $34.00  per  head 68.00 

Apr.  15,  1902 — By  net  profit  on  22  steers 168.68 

$1188.00 

Apr.  15,  1902,  To  22  steers  at  $54.00  per  head $1188.00 

Net  profit  per  head $7.66 
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This  sum  does  not  represent  the  complete  profit  from  each  animal . 
as  the  food  is  charged  up  at  local  market  prices  and  is  much  above 
cost. 

The  carload  of  steers  was  purchased  by  Mr.  Jno.  Kiefer  of  Boze- 
man,  by  whom  the  carcasses  shown  in  the  illustrations  were  prepar- 
ed for  photographing. 


Conclusions. 


(i).  Because  of  the  quality  of  Montana  grown  food  products 
and  the  favorable   climatic  conditions  during  the  winter  feeding 

period,  maximum  returns  can  be  secured  from  a  minimum  amount  of 

food. 

(2).  That  in  fattening  steers,  when  alfalfa  and  clover  are  used, 
not  more  than  one-half  pound  of  grain  to  the  hundred  weight  of  live 
weight  is  necessary  to  produce  the  most  satisfactory  results. 

(3).  Contrary  to  local  impressions,  some  grain  must  be  used 
throughout  a  period  not  less  than  one  hundred  and  twenty  days  in 
order  to  get  a  good  finish. 
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S.  FORTIER, 

Director  Montana  Agricultural  Experiment  Station. 

Dear  Sib: 

•The  accompanying  paper  on  the  "Forage  Conditions  of  Central 
Montana'^  is  the  result  of  investigations  made  for  the  Station  by  Mr. 
Frank  A.  Spragg  during  1900  and  1901,  under  the  direction  of  the 
Jbk)tanical  department  of  the  Montana  College  of  Agriculture  and  pre- 
sented as  his  thesis  on  graduation  from  the  Agricultural  Course. 

The  field-work  was  done  in  Fergus  county  and  the  region  immedi- 
ately adjacent,  during  which  nearly  a  thousand  specimens  were  col- 
lected for  the  Station  and  many  interesting  facts  regarding  existing 
forage  conditions  in  this  region  have  been  noted.  These  studies  cover 
a  portion  of  the  state  not  readily  accessible  from  the  railway  and  hence 
little  studied  by  botanists,  although  one  of  the  most  important  sections 
from  its  stockgrowing  interests. 

Already  the  ranges  in  many  parts  of  the  state  are  showing  signs  of 
exhaustion  and  the  number  of  stock  supi)orted  upon  a  given  acreage  is 
steadily  diminishing,  while  the  recent  tendency  of  the  stockmen  to  pur- 
chase or  lease  these  ranges  for  private  use,  tends  to  make  questions  as 
to  their  improvement  and  rendering  them  more  productive  of  increasing 
importance.  But  before  any  systematic  attempt  can  be  made,  it  is 
necessary  to  determine  the  results  of  close-pasturage  ui)on  the  ranges, 
the  conditions  formerly  existing  and  those  now  found,  as  well  as  the 
various  species  of  grasses,  which  form  the  component  parts  of  these 
ranges,  those  found  most  hardy  under  pasturage  and  the 
most  drouth  resisting  in  dry  seasons  with  their  relative  value  for  hay 
^d  pasturage.  It  is  with  these  preliminary  studies  of  the  region  in 
question  that  Mr.  Spragg  deals  and  his  paper  appears  to  be  of  suffi- 
cient importants  to  warrant  its  publication  as  a  bulletin  of  this  Station. 

Mr.  Spragg  has  also  added  a  synopsis  of  all  the  genera  of  grasses 
found  in  the  state  by  which  beginners  in  this  difficult  order  will  be  able 
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to  work  with  more  certainty  in  the  determination  of  the  diflFerent  groups 
than  with  any  of  the  schemes  now  available.  It  may  be  well  to  state 
that  the  collections  upon  which  these  notes  are  based  have  been  com- 
pared by  Mr.  Spragg  with  specimens  in  our  Station  Herbarum,  named 
by  Dr.  F.  L.  Scribner,  while  the  more  difficult  species  have  been  sent 
to  the  Division  of  Agrostology  at  Washington  for  determination. 

R.  S.  Shaw,  Agriculturist. 

J.  W.  Blankinship,  Botanist. 

Bozeman,  Montana,  June  14,  1902. 
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BY  FRANK   A.   SPRAGG. 


Geology  and  Physiography  of  the  Region. 

The  portion  of  the  country  lying  between  the  Missouri,  Smith  and 
Musselshell  rivers  is  traversed  by  the  Little  Belt,  Big  Snowy,  Judith, 
and  Highwood  mountains.  It  includes  a  great  variety  of  conditions 
and  fosters  many  industries,  of  which  stock-raising  is  the  principal, 
and  large  numbers  of  fat  cattle  and  sheep  are  yearly  shipped  to  eastern 
markets.  Large  quantities  of  wool  are  sold  in  the  markets  of  Billings 
and  Great  Falls,  or  shipped  east,  and  lately  there  has  been  a  good 
demand  for  horses.  T.he  mountains  are  celebrated  for  mines  of  gold, 
silver  and  sapphires,  and  at  their  base  are  found  limestone,  gypsum  and 
coal.  Montana  also  has  a  belt  of  artesian  water,  due  to  the  following 
conditions:  running  acrops  the  country,  we  have  the  outcrop  of  the 
coal  seam  of  the  Cascade  geologic  formation;  this  line  of  exposure 
crosses  Sun  river  near  the  foot  of  the  Rocky  Mountains,  and,  swinging 
eastward,  follows  near  the  north  edge  of  the  Little  Belt  mountains, 
several  miles  «outh  of  Great  Falls.  At  Sand  Coulee  and  at  Belt  it 
presents  vast  workable  seams  of  coal;  continuing  eastward,  it  follows 
Otter  creek  some  fifteen  miles,  and  crosses  Arrow  creek  near  its  head; 
it  then  crosses. Wolf  creek  four  miles  above  Stanford,  and  the  Judith 
river  at  Utica;  running  thence  north  of  the  Snowy  mountains,  it  passes 
above  Lewistown  and  around  the  west,  north  and  east  foot  of  the 
Judith  mountains.  Along  this  line  of  exposure  are  numerous  coal 
mine&  furnishing  the  country  with  its  total   supply.     This  outcrop  is 
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but  the  edge  of  one  of  many  layers  lapping  against  the  mountains- 
Some  of  these  layers  are  composed  of  clay  and  will  not  allow  water  to 
pass  through ;  others  are  so  loose  and  porous  that  large  quantities  of 
water  disappear  yearly  along  the  foot  of  the  mountains  above  the  coal 
seam.  A  remarkable  example  of  this  is  Dry  Wolf  creek,  southwest  of 
Stanford.  Up  in  the  mountains  there  is  a  swift  stream  about  a  rod  in 
width  in  a  bed  of  clay  and  gravel;  at  the  mouth  of  the  canyon  thi& 
stream  reaches  the  edge  of  a  mass  of  loose,  broken  limestone;  within 
two  miles  the  entire  stream  has  disappeared,  and  from  there  to  it& 
mouth,  except  in  time  of  melting  snow,  the  stream  bed  is  but  a  mass 
of  loose,  dry  gravel.  Along  the  Snowies,  and  particularly  around  the 
Judith  mountains,  the  larger  portion  of  the  water  falling  as  rain  and 
snow  sinks  in  this  way.  Where  does  all  this  water  go?  Again,  what 
are  the  Giant  springs  at  Great  Falls,  and  Big  and  Warm  Springs  in 
the  east  side  of  the  Judith  basin,  if  they  do  not  have  artesian  sources? 
It  is  very  noticeable,  as  one  examines  these  springs,  that  the  rocks 
around  appear  to  have  been  shaken  apart.  One  will  notice  a  dark 
opening  here  and  there  with  long  strings  of  vegetation  floating  over> 
and  a  short  distance  iown  stream  a  big  roll  in  the  water  may  be 
noticed,  showing  that  large  quantities  of  water  are  flowing  out. 

Within  a  year  previous  to  September  1,  1901,  some  half  dozen 
artesian  wells  had  been  bored  in  the  west  side  of  the  Judith  basin  and 
just  below  the  outcrop  of  the  coal.  At  Utica  the  water  is  spouting 
about  eighteen  inches  above  the  opening  of  a  three-inch  pipe. 
Another  company  was  boring  a  six-inch  hole  at  Mr.  B.  E.  Stack'a 
ranch  on  Willow  creek  Sept.  4;  they  were  then  down  165  feet;  they 
struck  about  ten  barrels  an  hour  at  257  feet,  and  bored  to  317  feet. 
A  good  flow  is  expected  at  500  feet,  where  they  expect  to  finish  the 
well,  It  is  said  that  water  was  struck  atUtica  at  200  feet,  though 
the  well  is  now  800  feet  deep,  and  on  Sage  creek  at  80  feet,  though 
the  well  is  393  feet  deep.  There  is  no  reason  why  artesian  w'ater  could 
not  be  found  anywhere  in  the  open  country  below  the  line  of  coal; 
there  is  but  one  diflBculty  presented.  The  amount  of  material  piled 
on  the  top  of  the  coal  increases  rapidly  as  one  goes  away  from  the 
mountains;  on  the  Benton  stage  road  atArrow  creek,  this  mass  is 
probably  1,500  feet  thick,  and  at  the  mouth   of  the  Judith   at  least 
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2,500  feet.     The  greatest  depth  the  machine  could  bore,  which  was  at 
Mr.  B.  E.  Stack's  Sept  4,  was  800  feet.     ' 

The  soil  in  the  mountain  parks  is  usually  deep,  mellow  and  rich, 
belonging  to  the  Cambrian  formation.  Around  the  foot  of  the  moun- 
tains, as  has  been  seen,  we  have  a  belt  of  loose  limestone.  The  soil 
is  stony  and  useful  mainly  for  pasture.  Further  out  we  have  stretches 
of  neariy  level  bench  lands.  Portions  are  covered  with  gravel,  sand, 
and  alluvium,  and  only  clay  enough  to  convert  the  whole  into  product- 
ive soils.  This  mass  has  been  left  in  passing  ages  by  streams  as  they 
drifted  from  place  to  place  over  this  comparatively  level  country.  The 
benches  of  the  northern  portion  of  this  district  are  covered  with  clay, 
sand,  polished  pebbles,  and  some  boulders.  This  glacial  drift  was  left 
when  the  northern  transcontinental  ice  sheet  melted  away.  As  a  rule 
this  drift  contains  less  plant  food  than  the  bench  gravels.  Along  the 
Missouri  river,  we  find  sharp  gorges  which  have  l>een  cut  in  recent 
times  through  the  bench  gravels  pr  glaci^vl  drift,  exposing  the  clays 
of  the  Cretaceous  below.  These  steep  hillsides,  sandy  points,  and 
stretches  of  worthless  clays  make  up  the  badlands.  These  badband 
soils  are  low  in  plant  food,  rich  in  alkali,  and  next  to  worthless  for  cul- 
tivation. However,  in  the  larger  bottoms  along  the  Missouri,  crops  of 
hay,  grain  and  vegetables  are  often  raised. 

The  Natural  Plant  Formations. 

The  grasses  of  Central  Montana  may  be  grouped,  depending  upon 
soil,  moisture  and  situation,  into  six  different,  though  intergrading, 
plant  formations.  These  are:  The  Badlands,  Alkali  Flats,  Prairie 
Benches,  Wet  Meadows,  Foot-hills  and  Mountain  Parks. 

In  the  Badlands  where  the  hills  are  rounded  or  flat-topped,  we 
are  apt  to  find  the  regular  bench  flora;  but  on  the  true  side  hill  of  this 
region,  we  find  a  scattering  flora  of  salt-grass  (distichlis  spicata), 
Jane-grass  (Ecelebia  cbistata),  feather-grass  (Stipa  viridula),  and 
here  and  there  a  bunch  of  blue-joint,  (Agropyron  occidentale),  on 
the  better  soil.  On  sandy  points,  putting  down  from  the  main  hill, 
we  find  sand  rush-grass  (Sporobolus  cryptandrus),  prairip  rush-grass 
(Sporobolus  brevipolius),  and  Indian  millet  (Ericoma  cuspidata) 
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usually.  In  little  bottoms  and  ridges  between  tke  main  hill  and  the 
flats  below,  made  up  principally  of  sandy  drift  from  the  hillside,  out 
of  which  most  of  the  alkali  has  been  washed,  may  be  found  a  rich 
sod  of  blue  grama  (Boutelgua  oligostachya).  The  two  little  pests, 
slender  fescue  (Festuca  octoflora),  and  little  barley  (Hordeum  pusil- 
lum),  are  often  found  here  in  clusters  mixed  with  the  blue  grama. 

The  Alkali  Flats,  though  often  occurring  in  the  Badlands,  are 
commonly  found  in  the  open  country.  They  are  places  where  alkali 
water  collects  and  evaporates.  Portions  of  the  great  sag  south  of  Ben- 
ton are  two  hundred  feet  below  the  surrounding  country.  It  contains 
six  large  lakes  and  several  small  ones;  the  larger  ones  are  surroundeil 
by  bare  alkali  coated  flats.  White,  dry  patches  are  to  be  found 
in  little  sags  quite  generally  over  the  country.  As  we  recede  from  the 
barren  patch,  we  first  find  salt-grass  (Distichlis  spicata),  and  then  by 
degrees  Jjune  grass  (Kgeleria  cristata),  and  smooth  bunch  grass  f Poa 
laevigata).  Depending  upon  conditions,  we  may  also  find  rough- 
leaved  salt-grass  (Sporobolus.  asperifolius),  alkali  meadow  grass 
(PucciNELLiA  airoides),  and  squirrel-tail  grass  (Hordeum  jubatum). 
In  the  non -alkaline  soil  on  the  edge  of  alkali  places  blue  joint  and 
blue  grama  are  apt  to  be  found,  but^  these  grasses  can  withstand  but 
small  quantities  of  alkali. 

The  Prairie  Benches  stretch  from  the  Badlands  and  alkali  flats 
to  the  foothills  of  the  mountains.  They  are  the  drier  upland  portion 
of  the  country,  crossed  by  creek  bottoms  and  dotted  by  wet  meadows, 
the  grasses  of  which  belong  to  a  distinct  flora,  and  are  used  princi- 
pally for  pasture.  The  principal  grasses  of  the  benches  are  blue 
grama  (Bouteloua  oligostachya),  and  blue  joint  (Agropyron  occi- 
den'tale).  Prairie  June  grass  (Koeleria  cristata),  needle  grass 
(8tipa  comata),  bunch  wheat  grass  (Agropyron.  divebgens),  and  two 
or  three  meadow  grasses  (Poa$)  are  also  found  more  or  less  scattered. 
Around  intermittent  pond  holes  are  found  hair  grasses  (Agrostis  hie- 
MALis)  and  squirrel-tail  grass,  and  floating  foxtail  mixed  with. two  or 
three  sedges  in  the  bottom.. 

It  has  been  mentioned  that  the  meadow  grasses  grow  very  scatter- 
ed on  these  benches  to-day,  and  belong  in  large  x)art  to  what  was  once 
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PoA  TENUiPOLiA.  Prof.  F.  L.  Scribner,  who  saw  ''the  country  in  the 
summer  of  1883  says,  '*Poa  tenuifolia  may  be  regarded  as  the  grass  of 
the  country.  No  species  withstands  the  long  summer  drought  so  well, 
and  it  constitutes  the  chief  forage  upon  the  dry  bench  lands."  As 
this  grass  is  almost  exterminated  to-day,  it  is  evident  that  it  cannot 
•endure  over-stocking.  A  rancher  who  axme  to  the  country  shortly 
after  1880,  describes  the  grasses  of  these  benches  then  as  a  thick 
mass  of  leaves  shading  the  ground  and  growing  to  a  hight  of  six 
i;o  eight  inches.  He  says  further  that  this  mass  of  leaves  was  inclined 
toward  the  southeast  by  the  northwest  winds.  He  did  not  know  the 
name  of  the  grass,  but  his  description  would  lead  me  to  call  it  blue- 
joint.  To-day  the  blue  grama  (Bouteloua)  is  the  most  abundant  as  a 
mass  of  curly  leaves  covering  the  ground  but  two  or  three  inches  at 
the  best.  It  is  probable  that  in  former  times,  before  the  ranges  were 
over-stocked,  that  the  meadow  grasses  (Poas),  blue  joint  and  other 
wheat  grasses,  and  the  prairie  June  grass,  formed  the  greater  part  of 
the  forage,  and  that  the  blue  grama  grew  much  ranker  than  it  does 
now.  In  thosa  favored  times,  some  old  timers  say  they  could  ride 
across  the  country  with  their  feet  dragging  in  the  grass.  The  grass 
th^n  fell  to  the  ground  each  fall,  and  was  in  time  transformed  into  a 
mulch,  which  thickened  year  by  year  and  protected  the  ground  from 
the  hot  sun.  Large  quantities  of  moisture  thus  retained  enabled  the 
grass  to  grow  exceedingly  rank.  Perhaps  none  of  the  above  named 
grasses  have  been  exterminated  for  the  lack  of  moisture,  but  on  account 
of  too  close  feeding,  and  the  tramping  of  stock  they  have  been  so 
reduced  in  quantity  as  to  be  almost  absent  in  some  places.  The  blue 
grama,  being  the  last  of.  the  grasses  to  succumb  to  the  over-stocking 
process,  has  takeii  possession  of  the ,  soil  as  the  other  grasses  have 
disappeared.  The  difference,  then,  between  the  over-stocked  range  of 
today^  and  the  luxuriant  growths  of  former  times  is  to  be  found  simply 
in  the  relative  abundance  of  the  blue  grama.  . 

Thpse  prairie  benches  have  proven  themselves;  to  be  among  the 
richest  soil^  of  the  country.  They  are  similar  to  those  along  the  north 
base  of  the  mounti;iins,  whi:;h  will  be  considered  under  the  head  of 
foothills.  The  prinpipal  distinction  is  a  slight  difference  in  moisture 
Depending. upon  .  the  amount  of  moisture  presenj;,  the  foliage  pf  these 
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benches  today,  ranges  from  a  thick  mass  of  blue- joint  leaves  on  down 
through  all  the  gradations  of  the  grama  sod  to  where  even  this  valu- 
able grass  has  succumbed  to  a  "moss  "  (Selaginella  rupestris,  Spring.) 
and  desert  conditions  prevail. 

The  Wet  Meadows,  though  characterized  by  atmost  totally  dif- 
ferent flora,  grades  into  the  surrounding  formations.  The  grasses  pres- 
ent vary  somewhat  with  conditions  of  soil  and  moisture,  and  depend 
largely  upon  the  presence  or  absence  of  alkali.  When  water  stands 
on  the  surface,  we  usually  find  rushes  and  sedges,  or  slough  grass 
(Beckmannia  erucaeformis,),  and  reed  meadow  grass  (Panicularia 
AMERICANA,  ),  in  Small  quantity.  If  the  soil  is  wet,  but  not  covered 
with  water,  prairie  rush  grass  (Sporobolus  brevifoliur),  alkali 
meadow  grass  (Puccinellia  airoides),  early  bunch  grass  (Eatonicu 
obtusata),  tussock  grass  (Deschampsia  caespitosa),  cord  grass  (Spartina 
cynosuroides),  foul  meadow  grass  (Panicularia  nervata),  and  pale  bunch 
grass  grow  in  varying  proportions.  Or,  in  addition  to  the  above  if 
alkali  is  absent,  reed  canary  grass  (Phalaris  arundinacea),  along  the 
banks  of  running  streams.  If  alkali  is  present  in  small  quantity  and 
the  feoll  is  not  very  wet,  rough-leaved  salt-grass  (Sporobolus  asperifol- 
ius),  and  especially  prairie  rush  grass  (Sporobolus  brevifolius),  ar^  apt 
to  be  found  in  large  quantity.  If  the  alkali  is  very  strong  all  the- 
above  named  grasses  may  be  killed  out  and  only  salt-grass  remain. 

The  region  considered  as  Foothills  here  is  not  necessarily  a  strip 
extending  out  in  all  directions  from  the  base  of  the  mountains. 
We  are  considering  the  character  of  a  certain  group  of  grasses  that 
may  be  regarded  as  belonging  to  the  foothill  flora.  The  prairie  bench 
formation  seems  to  extend  to  the  foot  of  the  mountains  on  the  south 
side  of  the  smaller  mountain  ranges  of  the  plains,  while  on  the  north 
side  of  the  same  ranges  are  semi-circular  areas,  the  flora  of  which 
does  not  resemble  that  of  either  the  prairie-bench  or  the  mountain- 
park  formations.  The  soil,  as  has  been  said,  is  similar  to  that  of  the 
dry  benches  but  receives  more  moisture.  The  strip  north  of  the  Little 
Belt  mountains  is  wide  to  connect  them  with  the  High  woods  along- 
the  divide  between  the  Arrow  Creek  and  Belt  Creek  basins.  These 
hills  are  today  dotted  by  thrifty  crops  and  meadows.  A  few  years 
ago  this   foothill  country  was   Used   only  for  pasture,   as  the   dryer 
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benches  are  today.  On  the  upland  benches  the  sheep-fescue  (Festuca 
ovina,)  and  red  fescue  (Festuca  rubra)  take  the  place  of  the  blue 
grama  of  the  prairie.  In  nooks  partly  sheltered  by  the  mountains, 
snow-grass  (Festuca  campestris)  is  the  principal  forage.  A  large  num- 
ber of  grasses  are  to  be  found  here.  The  hays  are  mainly  the  culti- 
vated and  mountain  timothy;  Brojnus  inermis  is  only  just  coming  into 
cultivation.  There  are  several  native  grasses  that  no  doubt  would  do 
well  under  cultivation,  among  which  are  the  wheat  and  brome  grasses, 
or  for  wet  land  the  reed  canary  grass. 

Grasses  are  also  coming  in  on  the  mountain  side  where  the  timber 
has  been  burned  otf  and  the  soil  is  not  too  stony.  The  principal  of  these 
are  the  western  brome  (Bromus  Pumpelliantis),  pale  bunch  grass  (Poa 
lucida)  wood  meadow  grass  (Poa  nemoralis),  downy  oat-grass  (Trisetum 
subspicatum)  timothy  (Phleum  pratensis),  and  four  wheat  grasses 
(Agropyron). 

About  forty  different  varieties  of  grasses  are  found  in  the 
Mountain  Parks  of  Central  Montana  between  the  altitudes  of  5000 
and  7000  feet.  The  loose  deep  rich  soil  is  literally  fiilled  with  the  roots 
of  plants  that  probably  bloom  each  and  every  month  during  the  sum- 
mer. The  quantity  of  native  forage  is  usually  no  greater  than  in  the 
foothills  and  many  of  the  grasses  are  similar.  The  hay  grown  here  is 
mainly  timothy  or  oat-hay.  Under  native  conditions  the  land  is  often 
too  rough  to  cut  wild  hay.  It  is  said  that  clover  and  alfalfa  will  not 
do  well.  There  are  some  of  the  native  grasses  that  are  certainly  worthy 
of  trial  and  some  of  these  may  be  found  superior  to  any  of  the  tame 
varieties  for  cultivation  at  high  altitudes  and  in  mountain  parks. 
Among  them  are  mountain  timothy  (Phleum  alpinum),  mountain  fox- 
tail (Alopeciirus  occiden talis),  mountain  rye  grass  (Elymus  glaucus), 
slender  wheat  grass  (Agropyron  tenerum),  western  brome  grass  (Bromus 
Pumpellianus),  and  snow-grass  (Festuca  campestris). 

Economic    Considerations, 

There  are  still  many  problems  to  be  considered  that  relate  either 
directly  or  indirectly  to  the  forage  conditions  of  this  region.  Notably 
among  these  are  the  water  supply,  and  its  most  economic  use  as  well  as 
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the  improvement  of  the  ranges.  Large  quantities  of  water  go  to  waste 
one  way  and  another.  A  few  snowbanks  remain  in  the  mountains  to 
supply  water'  for  irriiration,  but  most  of  :the  water  runs  off  durinpj  the 
spring  break-up  to  deluge  the  people  along  the  lower  Mississippi. 
Why  should  not  a  xx)rtion  of  this  be  saved  in  reservoirs  for  irrigation 
and  to  water  stock  later  in  the  summer?  The  government  has  surveyed 
over  thirty  reservoir  sites,  mainly  in  Central  Montana.  It  may  be 
that  the  artesian  supply  will  also  become  important.  The  amount  of 
water  needed  to  benefit  a  given  meadow  should  be  more  carefully 
studied.  Blue  joint  is  universally  regarded  as  the  richest  hay  of  the 
country,  and  by  careful  irrigation  our  native  uplands  will  yield  good 
stands;  yet  when  water  stands  on  the  surface  this  grass  disappears  and 
is  replaced  by  rushes,  sedges  and  the  less  valuable  grasses  of  the  wet 
meadow  flora  It  must  be  borne  in  mind  that  our  most  valuable 
grasses  do  not  grow  in  swamps.  Most  of  them  are  easily  drowned  out 
and  replaced  by  others  less  valuable.  "Under  the  present  conditions 
one  may  frequently  see  a  man  injuring  his  meadows  and  fields  by  using 
too  much  wjiter,  while  those  of  his  neighbor  some  miles  down  the  val- 
ley are  suffering,  perhaps  totally  ruined,  for  lack  of  the  water." 

When  the  pioneer  came  west  he  found  the  ranges  covered  with 

vast  forage  resources.  The  question  then  was,  how  can  we  get  stock 
enough  to  use  this  wealth?  Now  conditions  have  changed.  There  is 
more  stock  on  our  ranges  than  they  can  support.  Each  rancher  "knows 
that  if  his  ^tock  does  not  eat  the  ^rass,  that  of  somebody  else  will,  and 
naturally  he  thinks  he  might  as  well  l)enefit  by  it  as  anyone.  In  his 
effort  to  get  his  ^share'  he  c  xit/ibutes  to  the  general  destruction  instead 
of  trying  to  avert  it." 

As  conditions  are  drifting  now,  it  is  only  a  matter  of  time  when  all 
the  public  domain  will  l,e  owned  or  leased  by  the  ranchers.  If  the  rent 
can  be  made  reasonable  so  as  not  to  exterminate  tbe  smaller  owners, 
they  will  be  given  an  incentive  to  adopt  measures  for  the  betterment 
of  their  holdings,  and  knowing  that  tliey  axid  not  someone  else  will  get 
the  benefit  of  their  endeavors,  they  will  make  the  subject  a  study  and 
year  by  year  their  ranges  will  be  enabled  to  supix^rt  more  and  more 
stock.  It  has  been  asserted  that  all  the  ranges  need  is  rest,  but  it  has 
been  pointed  out,  in  speaking  of  the  blue  grama,  that  conditions  have 
come  where  the  most  valuable  of  our  range  grasses  have  been  nearly 
exterminated.  The  reseeding  of  the  ranges  is  a  problem  that  each 
rancher  must  study  for  himself . 
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Generic  Key  to  the  Grasses  and  Grass-like  Plants  of  Montana. 

Note. — In  the  following?  scheme  the  word  "  glume "  signifies  the 
outer  empty  scales;  "pale"  denotes  the  inner  scale  enclosing  the 
flower;  and  "spike"  is  used  to  indicate  any  dense  cylindrical  inflores- 
cence.   Number  before  name  indicates  paragraph. 

Periaoth  of  six  glumaceous  segments;  capsule  3- valved A. 

Perianth  of  bristles,  minute  or  none: 

Flowers  in  the  axil  of  single  glumes;  stems  solid;  sheaths  closed  B. 

Flowers  enclosed  in  a  pair  of  glumes;  stems  hollow;  sheaths  split C. 

A.    J«incace»    (RUSH  FAMILY). 

Leaf -sheaths  open;  capsule  1-3  celled,  many  seeded;  placenta  parietal  or  axial. 

Plants  never  hairy;  on  moist  ground JUNCUS. 

Leaf -sheaths  closed;  capsule  1-celled,  3-seeded;  placenta  basal.    Plants  usually 

hairy;  often  on  dry  ground \ JUNCOIDES. 

B.    Cxperace»    (SEDGE  FAMILY). 

1.  Flowers  perfect;  spikelets  all  similar ...  2 

1.  Flowers  monoecious  or  dioecious,  usually  borne  in  separate  spikelets. .  CAREX. 

2.  SpikefriQ  single  or  umbelled  terminal  heads;  spikele.s  2-rowed . .-. .  CYPERUS. 

2.  Glumes  spirally  imbricate  all  around .^ 

3.  Base  of   style  swollen,  persistent  as  a  tubercle  on  the  achene;   spikes 

solitary ELEOCHARIS. 

3.  Base  of  style  narrow,  deciduous 4 

4.  Spikes  one  to  many;  bristles  1-6  included,  rarely  none SCIRPU3. 

4.  Spikes  few;  bristles  6-many,  soft,  very  long,  slender,  and  much  exserted. 

.ERIOPHORUM. 

C.    Graminen    (GRASS  FAMILY). 

Inflorescence  spicate 2 

Inflorescence,  a  raceme  of  unilateral  spikes;  spikelets  2-rowed 20 

Inflorescence,  a  compound  raceme  of  panicled  spikelets 21 

Inflorescence,  of  paniculate  unilateral  spikes 19 

Inflorescence,  an  open  panicle 23 

2.  Spikes  equilateral,  cylindrical  to  capitate 3 

2.  Spikes  unilateral 4 

3.  A  strictly  cylindrical  spike;  spikelets  one-flowered,  close,  and  equally  dis- 

tributed on  axis 5 

3.  Spikes  short,  ovate  to  capitate 6 

4.  Unilateral  spikes,  paniculate,  often  loose 19 

4.  Unilateral  spikes  racemose 20 
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5.  Glumes  united  at  base,  awnless;  pale  one,  awned 12-13,  ALOPECURUS. 

5.  Glumes  distinct,  mucroaate;  pales  two,  awnless 5S,  59,  PHLEUM 

6.  Spikelets  unisexular  and  dissimilar;  staminate  and  pistillate  on  the  same 

or  separate  plants BULBILIS 

6.  Spikelets  with  one  perfect  flower  and  often  another  imperfect 7 

6.  Spikelets  with  two  to  many  perfect  flowers 12 

7.  Three  spikelets  at  each  joint  of  articulate  rachis 48-50,  HORDEUM. 

7.  Spikelets  not  all  alike,  usually  in  twos;  axis  of  spikes  or  racemes  hairy;  fer- 
tile glumes  awned 14,  ANDROPOGON. 

7.  A  large,  short  spike  or  a  panicle  of  these;  spikelets  but  one  at  a  place,  not 

clustered,  awnless « 57,  PHALARIS 

7.  Flowers  perfect,  single 8 

8.  Pale  awned  or  sharp  pointed 9 

8.  Pale  awnless,  shorter  and  broader  than  the  glumes 10 

9.  Pale  awn  terminal  or  absent;  pales  firmer  than  glumes  and  closely  envelop- 

ing the  graia 11 

9.  Pale  awn  dorsal;  grain  loose  or  not  at  all  enclosed 10 

10.  Tuft  of  long  silky  hairs  at  base  of  pale 24-29,  CALAMAGROSTIS. 

10.  Pale  npt  hairy 911,  AGBOSTIS. 

11.  Pale  sharp  pointed  to  long  slender  awned 54,  MUHLENBEROIA 

11.  Pale  with  long,  stout,  twisted  awn 72-75,  8TIPA. 

12.  More  or  less  paniculate,  spikelets  not  sessile 13 

12.  Spikelets  sessile  on  alternate  notches  of  the  rachis 15 

13.  Pale  obtuse  or  with  short  terminal  awn 14 

13.  Pale  awn  dorsal,  twisted  and  bent: 

(a)  Spikelets  9-16  mm.  long 32-34,  DANTHONIA. 

(b)  Spikelets  4-7  mm.  long 76,  TRISETUM. 

14.  Pale  sharp  pointed;  spikelets  in  very  short  clusters  mixed  with  leaves 

MUNROA. 

14.  Pale  obtuse  or  acutish;  first  glume  narrowly  linear,  second  glume  broadly 

obovate 37,  EATONIA, 

14.  Pale  and  glume  both  acute  and  about  the  same  length 52,  KCELERIA. 

14.  Pale  usually  awned  at  tip;  flowers  distinct 44-47,  FES'tTJCA. 

15.  Spikelets  solitary  at  each  joint  of  the  rachis 16 

15.  Spikelets  two,  rarely  as  high  as  six,  at  each  joint  of.  rachis 18 

16.  Cultivated  grasses  (wheat  and  rye);  pale  sometimes  keeled 17 

16.  Native  grasses;  pale  round  on  back 1-8,  AGROPYRON. 

17.  Nerves  of  pale  convergent  at  tip;  glumes  1-nerved SECALE. 

17.  Pale  nerves  parallel;  glumes  3-many  nerved.    (Wheat) TRITICUM. 

18.  Rachis  not  articulate;  glumes  entire 38-42,  ELFMUS. 

18.  Rachis  articulate;  glumes  two  or  more  parted 67,  SITANION. 

19.  Spikelets  one  to  two  flowered,  subsessile  on  two  sides  of  a  subtrianeular 
rachis  in  a  long  narrow  panicle 17,  BECKSlANNIA. 

19.  Spikelets  many-flowered,  much  flattened,  subsessile,  and  densely  crowded 

in  thick  one-sided  clustered DACTYLIS. 
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20.  Spikelets  crowded  in  two  rows  on  one  side  of  rachis.    Prolongation  of 

rachilla  triaristate . .  .• 18,  BOUTELOUA. 

20.  Spikelets  flattened,  subsessile  and  strongly  compressed  on  two  sides  of  a 

triangular  rachis 68,  SPARTINA. 

20.  Spikelets  obtuse,  often  short-pedicelled,  and  scattered;  first  glume  usually 

shorter  than  the  second . .  PANICUM. 

21.  One  perfect  sessile  flower  alternating  on  two  sides  of  a  slender  three-sided 

rachis 66,  SCHEDONNARDUS. 

21.  Two  to  many  perfect-flowered,  pedicelled  spikelets 22 

22.  Glumes  one  to  two  nerved;  pales  3-nerved ERAGROSTIS. 

22.  Glumes  ^9  nerved;  pales  5-many  nerved 53,  MELICA. 

23.  Spikelets  with  one  perfect  flower  and  often  another  imperfect 24 

23.  Spikelets  with  two  to  many  perfect  flowers 31 

24.  Spikelets  usually  in  twos,  not  all  alike;   axis  of  spikes  or  raceme  hairy; 

fertile  glumes  awned    14,  ANDROPOGON. 

24.  Spikelets  not  more  than  one  in  a  place: 

(a)  Containing  no  abortive  flowers 25 

(b)  With  abortive  flowers;  flrst  glume  shorter,  awnless PANICUM. 

25.  Pale  firmer  than  glume  and  closely  enveloping  the  grain 26 

25.  Pale  usually  thin,  not  as  firm  as  glume;  grain  loose  or  not  at  all  enclosed  .    28 

26.  Pale  entire  bearing  a  terminal  three-branched  awn 15,  ARISTIDA. 

26.  Pale  awn  terminal  or  between  two  teeth,  simple 27 

27.  Pale  sharp  pointed  to  long  slender  awned 54,  MUHLENBERGIA. 

27.  Pale  tipped  with  a  long,  stout,  twisted  awn 72-75,  STIPA. 

27.  Floret  globular,  clothed  with  long,  silky  hairs 43,  ERIOCOMA. 

28.  Rachilla  usually  bearing  a  tuft  of  long  silky  hairs  produced  beyond  it; 

pale  membranous 24-29,  CALAMAGROSTI8. 

28.  Rachilla  usually  bearing  a  tuft  of  long  silky  hairs  at  base  of  pale.    Tough 

sand-biuding  grasses 30,  CALAMOVILFA. 

28.  Base  of  pale  naked  or  thinly  barbed 29 

29.  Pale  sessile  in  glumes 30 

29.  Pale  stalked  in  glumes,  awned  on  back CINNA. 

30.  Pale  acute,  awnless;  glumes  two,  shorter  than  pales;  spikelets  sometimes 

two-flowered 69-71,  SPOROBOLUS. 

30.  Pale  obtuse,  often  awned  on  back;  glumes  two,  longer  than  pales 

9-11,  AGROSTIS. 

30.  Pale  obtuse,  ke^l  often  extending  into  a  short  awn;   glumes  four,  longer 

than  or  as  Jbng  as  pales SA VASTANA. 

31.  Pale-awn  dorsal  or  between  two  lobes  at  apex,  more  or  less  twisted  and 

bent 32 

31.  Pale  awnless  or  with  a  terminal  straight  awn;  glumes  shorter  than  pales. .     35 

32.  Pale-awn  between  two  teeth  or  lobes,  twisted  and  bent;  spikelets  9-16  mm. 

long 32-34,  DANTflONIA 

2.  Pale-awn  dorsal  or  basal —     33. 
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33.  Spikelets  less  than  10  mm.  long 34^ 

33.  Spikelets  more  than  10  mm.  long 16,  AVENA. 

34.  Pale  obtuse;  awn  taper-pointed,  not  articulate 35,  DESCHAMPSIA. 

34.  Pale  2- toothed;  one  or  two  of  uppermost  florets  awned 76.  TRISETUM. 

35.  Tall  reed  like  grasses;  long  hairs  on  rachilla PHRAGMITES 

35.  Not  reed-like;  pale  naked  or  with  hairs  shorter  than  glumes 36 

36.  Pale  1-3  nerved 37 

36.  Pale  3-many  nerved;  spikelets  2-8  flowered,  5-2 )  mm.  long;  first  glume  3-5 

nerved,  second  5-7  nerved 53,  MELICA. 

36.  Pale  5-many  nerved ' 39 

37.  Glumes  nearly  equal  in  length  but  very  unlike,  the  first  narrowly  linear, 

the  secund  broadly  obovate,  obtuse 37,  EATONIA. 

.37.  Glumes  unequal  in  length  but  similar  in  shape 38 

39.  Spikelets  2  rarely  3-4  flowered;  2-4  mm.  long CATABROSA. 

3B.  Spikelets  many  flowered  2-18  mm.  long ERAGROSTIS. 

39.  Spikelets  6-8  mm.  long,  densely  crowded  in  thick  one-sided  clusters.    (Cul- 
tivated)   DACT  YLIS. 

39.  Rays  in  whorls  of  1-5  or  more;  glumes  awnless 40 

40.  Lateral  nerves  of  pale  nearly  parallel,  not  converging;  glumes  shorter  than 

pales.    Moist  meadows  usually 41 

40.  Lateral  nerves  of  pale  arched  and  converging  above 42 

41.  Glumes  nerveless  or  3-5  nerved;    pales  with  3-9  conspicuous  nerves;  spike 

lets  2  mm.  broad,  and  3-15  mm.  long 55-56,  PANICULARIA. 

41.  Glumes  1-3  nerved;  pale  obscurely  5-nerved;  spikelets  2  mm.  wide  and  3-7 

m  n.  loi? 65,  PUCCINELLIA. 

42.  Rachilla  fringed  with  downy,  cobweb-like  hairs. around  the  pale;   pale 

usually  obtuse  awnless;  spikelets  3-10  mm.  long 60-64,  POA. 

42.  Spikelets  &-13  mm.  long  and  not  crowded  on  the  naked  rachilla;  pale 

round  on  back,  sometimes  keeled  and  often  awned. .  .^. . .,.  44<47,  FESTUCA. 
42.  Spikelets  10-40  mm.  long;  rachilla  naked;  pale  often  awned. .  19-21,  BROMUSl 
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Annotated  List  of  the  Craai 


I  Ci^  CentP&l  Mont&nB. 


/.     .l<Jrr>i,ijri!ii  afridt'iit'ih;  Scrihn,  Blue  Joint  c.r  Blue  Stem.     (Fii;  1], 
Thi.^  yrass.  populiirly  known  ;in    hluu-joiiit,    y:rows  on  niixi'.i    soils 
of  cliiy.  sdTiit  ami  ynivfl  and  is  found    widely   scattt-Twl  from  iW  fiiges 
of  lieavilv  alkaline  soils  throntrh    the  npliinil  prairie   lK'n(;ln,'s  and  foot- 
hills to  tlie  mountain  parks.  Grow- 
ing alone,   it   often  forms  a   thick 
rank  masS  of  foliage  on  rich  black 
lo«m  meadows  which  are  overflowed 
by  water  periodically.  Under  these 
conditions   it   forms  the  very  rich- 
est and  best   hay   of   the   country. 
Where  water  stands  on  the  surface 
in  summer,  it  kills   out   easily  and 
in  its   place  come   rushes,   sedyes 
and  the  ^raeses  of  the   wet  medow 
flora.    Where  over-irrigated,  alkali, 
too,  is  apt  to  come  in,  an<I  grasses. 
like  salt  gross,   which   can   Ijetter 
endure  alkali,  take  the  place  of  the 
blue  joint.     Its   scattere<l   growth 
seldom   heads  out  on    the  prairie 
benches  toilay.     It   is  easily  killed 
out  by  the  close  grazing  and  tramp- 
ing of  stock. 
S.  --Igropyron  occidentale  mnlle, 
Scribn.    Colorado  Blue-stem. 
.    Bunch  Wheat  Grass. 


Vi 


lit.  S.  DiT.  of  AgroB.) 
^igropyron  diver  gens,  Net 


On  the  prairie  benches  this  forms  bunches  often  a  foot  in  diameter 
and  one  to  two  feet  high.  Clustered  near  the  edge  of  steep  slopes, 
they  are  often,  at  a  distance,  mistaken  for  sheep  by  strang- 
ers. In  the  foothills  it  blends  with  other  grasses  to  form  valuable 
nplaud  meadows.  Growing  alone,  it  often  covers  south  exposures. 
When  cut  yearly,  it  makes  goo  1  hay  tor  horses  and  cattle,  but  is  rather 
coarse  for  sheep. 


IH 
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4'  ^'IgropyroTi  Gmeliuii,  S.  &  S.    Short-leaved  wheat  grass. 
v>.  A^rnpyroJi  pseudorejferis,  S-  &  S.    False  quaak  prrass. 
These  resemble  blue-joint  in  many  of  its  habits  and  are  popuhirly 
ronfused  with  it,  but  are  rather  rare. 

().  ,hjropyron  Ri chard sorti,  Sohnid.    Bearded  wheat  pjrass. 

This  grass  throws  in  moist  meadows,  iu  the  foothills  and  in  moun- 
tain canyon?  and  parks.  It  appears  to  in tergrade  with  Elymus  glaiwus. 
7.  *IgropyTon  tenerum,  Vusey.    Slouder  wheat  grass. 

In  the  prairie  x>ortion  of  the 
country,  it  is  sometimes  found  in 
ravines  and  meadows,  but  often  in 
thickets  of  rose  and  buck  brush. 
It  makes  as  gocd  or  better  hay 
than  timothy,  and  is  sometimes 
found  alone  or  mixad  with  a  few 
other  rank  grasses  in  creek  bends 
of   the  foothills. 

tS.    Agropyron  violaceuvi,  Lange. 
Mountain  wheat  grass. 

This  grass  is  found  high  on 
mountain  sides,  in  mountain  parks, 
and  in  the  upper  edge  of  the  foot- 
hills. It  seldom  grows  alone,  but 
adds  its  value  to  the  general  grass 
flora. 

0.  Jgwsiis  (fll(i.Ij.Iied  Top.[Fio  2]. 

This  tame  grass  is  to  be  found 
to-day  in  many  parts  of  the  coun- 
try. A  few"  years  ago  large  quanti- 
ties of  the?  seed  were  shipped  in 
and  sold  out  to  the  ranchers  of 
two  or  three  localities.  They  were 
looking  for  a  drought-resisting 
grass,   and  as  this    received  high 

2.    A«:rostiB  alba,  L.  -,    ..        i       ^.i         a  i 

(U.  s.  Div.  of  Agrcs.)  commeudatiou  by  the  store-keeper. 
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they  sowed  it  on  land  where  other  grasses  had  failed  to  ^ive  a  ^ood 
crop.  The  resulting  failure  caused  ^many  people  to  condemn  it; 
yet  it  ha3  bev»n  fouri  1  to  m  ike  rank  li^rowth  of  hay  on  land  that  is 
too  wet  for  most  other  ^rasse»s — land  usually  covered  by  rushes  and 
sedges.  However,  the  land  must  not  be  subnu^rs^ed.  If.  those  w'ho 
have  drowned  out  their  blue-joint  niea  lows  would  sow  red-top  before 
the  ruLsh(»s  and  sckIlccs  come  in,  they  may  still  expect  j^ood  hay.  If  the 
rushes  and  scvl^es  huve  taken  possession,  it  may  be  necessary  to  plow 
the  Ian  1  before  the  re  1-top  will  catch. 

LO.    .[(Jrnst'iH  af>/jcrl/hlia,  Trin.     Rough-leaVod  hent-;,Tass. 

This  tjjrass,  thou^^h  resemblinjj;  red-tojj  in  many  ways,  j^rows  on 
much  dryer  hind  and  to  <^reuter  altitudes,  but  will  not  furnish  as  hir^e 
a  quantity  of  hay.  With  other  grasses,  it  sometimes  forms  a  lar<i;e 
portion  of  the  vegetation  in  certain  mountain  meadows. 

i  /.    ^dgrostis  hieDiHlis,  U.  S.  P.    Hair  grass,  or  tickle  gras.^. 

Widely  scattered  from  the  alkaline  flats  of  the  Badlands  almost  to 
the  mountain  tops,  this  grass  grows  around  the  edge  of  intermittent 
ix)nd  holes  mixed  with  what  is  popularly  know'n  as  foxtail  (Hordeum 
JUBATUM).  In  some  resj^ects  it  resembles  red-top  and  is  often  found 
mixed  with  it,  but  is  almost  worthless'for  ha  v. 

i^.    Alopecurus  genicithttuti,  L.    Floating  foxtail. 

Mixed  with  two  or  three  small  sedges,  this  grass  covers  ^the  bot- 
tom of  intermittent  pond  holes  and  xx)rtioiis  of  river  flood-plains,  as 
the  low* bank  of  the  Missouri  above  Great  Falls.  It  sometimes  grows 
to  a  height  of  a  foot  or  more,  but  falls  (*asily. 
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13.    .4lnpeiiiirHS0CvMeii.t<dis,  Scribn.    MountaiD  Foxtail.    (Fio  3.] 

Though  this  grass  was  found  liy  th(!  wriUir  only  in  the  upi>er  end 
of  Belt  Park  under  thf^  shacli;  of  Bmall  clumps  of  white  pine,  it  is  re- 
ported at  high  altitudes  throughout  the  Rocky  Mountain  region.  In 
iilpine  mejiilows  it  often  makiis  a  remarkably  luxuriant  growth,  fre- 
tjnently  reaching  a  height  of 
three  or  four  fi*t.  Its  foilagi' 
is  soft,  but  it  is  probably  one  of 
the  most  promisiuK  of  the  na- 
tive grasses  for  cultivation  in 
meadows  at  the  higher  altitudes 
and  in  moist  partly  s hailed 
mountain  parks. 

14-    -indrojiogon      scoparius, 
Mx.    Little  Blue-Stem. 

Grows  in  clumps  a  foot  or 
two  high  on  steep  gravely  side- 
hills  and  in  the  bottoms  of 
rocky  ravines  of  the  drier  por- 
tion of  the  country.  It  heads 
out  late  in  August  and  is  tot^h 
and  woody,  not  usually  eaten  by 
stock. 

15.    Aristida  longiseta  rohiis- 
ia,  Merrill.    Dogtown  grass. 

Its  habits  are  very  similar  to 
those  of  Andropogon  scoparius. 
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16.    Avena  AmerU-ima,  Scribn.    AroericaD  oat  grass  [Fir.  4). 

Thifl  is  found  principally  on  the  upland  benehee  of  the  foothills 
and  the  dryer  portions  of  the  mountain  parks,  but  it  ie  also  seen  in 
mountain  canyons  and  in  sheltered  ravines  of  the  plains.  It  grows 
from  a  few  inches  to  a  foot  high.  Mixed  with  other  grasses,  it  adds 
greatly  to  the  value  of  the  forage,  but  will  never  form  ii  meadow  by 
itself." 


17.  Berkiiunin.i<i  eruca-- 
f'orjii  is,  Host.  Slough 
Grass.    (Pio   5'. 


{U.  3.  Div.  tit  AKroi 
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The  name  slough  grass  is  popularly  confuscnl  with  a  collection  of 
broad-leaved  sedges,  not  grasses  at  all.  This  grass  grows  in  shallow 
water  with  rushes  and  sedges. 

18.    Bouteloua.  oligostachya,  Torr.    Blue  grama  [Fig.  6]. 

This  is  today  the  most  abundant  grass  of  the  dry  plains  region 
and  is  undoubtedly  the  richest.     It  grows  on  dry,  porous  non-alkaline 

soil  usually,  and  is  not  found  ia 
buffalo  wallows  or  wet  piaces  or  on 
stiff  clays.  On  the  dry  benches 
the  foliage  is  a  mass  of  curly  leaves 
covering  the  ground  but  two  or 
three  inches  high  at  best.  In  some 
I)laces,  where  new  soil  is  washed 
down  from  the  hillside  atove  by 
every  heavy  rain,  the  brown  fruited 
stems  of  the  blue  grama  are  often 
ten  inches  high  and  thick  enough 
to  reniiiul  cue  of  waves  of  water 
when  the  wind  blows.  "This 
grasfi  ill] proves  v(*ry  rrpidly  under 
cultivation.  For  several  years  it 
has  grcvn  luxuriantly  in  the  ex- 
perinu'iitnl  grounds  of  the  Depart- 
m(  nt  at  WcuUiirgton.  U.  C  start- 
ing to  green  out  about  the  middle 
of  April  and  growing  from  IH  to^-^O 
inches  high,  varying  with  the 
seasons." 


6.    Routeloua  ( liffOBtachya,  Torr. 
(U.  S.  Div.  of  Agros.) 


lU.    BromuH  iiiennh,  L.    Smooth  hromc  trmss. 

This  extremely  vahinbk*  imported  grass  ir>  s^)wly  but  surely  u\ak- 
ing  its  way  into  thci  contid(»nce  of  th(^  people.  It  is  very  hardy,  and 
when  once  established  it  is  grec^n  (»arli(?st  in  thi-  spring  and  the  latest 
in  the  fall.  When  not  too  dry  it  yields  a  stan.l  of  rich  hay  that  all 
kinds  of  stock  eat  with  n^lish. 


FORAGE  CONDITIONS  OF  CENTRAL  MONTANA. 


2S 


20.    Bromus  nxi-rglnatua,  Ne«H.    [Fi;'.  7J. 

This  native  broine  grass  is  widely  distributecl  from  the  edgeof  the 
bivllnnds  almost  to  the  mounttiiii  to|»-!.  In  th;^  prairie  portion  it  ffrows 
mainly  in  the  head*  of  littla  ilrriw.4  |):ittiiij  dowa  into  niviiips. 

31.    Buiiii  I\>-!cri,  Niwh. 

Hub  )il)out  the  SDme  ilistribiition  lis  the 
preceding,  only  in  the  prairie  region  it  grows 
in  clumps  of  sm.iU  brush,  like  AGKorvttON 
TENEBUM. 

22.    Brimiiis  Finnpellianiis,  St^ribn.     W  ^i 

This  niitive  hrome  gniss  rcsi'inbics  Bro 
MUfl  IN'ERMUH  in  many  of  its  hjilits.  Occurs 
on  monntiiin  ^idea  priitcipidly  and.  where  thi 
timber  has  been  killed  by  fire,  it  yives  prom 
ise  of  fomiinff  gix)  I  f.if.iire.  It  ^v:i\^  t-nltiviite  I 
at  the  Oltawii  exi^.Timent  at.Mion  iinri  cuiisid 
ered  a  very  vnliidile  -^.m^s. 


2-L    liroiiuis  ItirhiiiiUr. 


Link. 


Found  in  similiir  ;  ihmtioiis  with  li,  P  B 


lu  the  tindier  on  nirmntaiii  si  les.  \V:>,  I  roii<l  le  im  1  ten  kr  f  li  i_i 
may  iie.irly  cover  the  j^ronnd  and  is  prol  at  ly  mi\(.d  withtwiothir 
memliers  of  this  genus.  In  senii-uinist.  partly  shaded  iwrtioiis  of 
mountiiin  i^arks,  it  often  furnishes  lunje  ((uantitii'ti  of   smnnier  forage. 


J?.*.    C'dani'i'Jriisiiti  hifperhiircii  .liiirr'n 

Found  only  in  mountain  parks,  it  f^n 
than  the  last. 


3  eligUtly  moR'  in  the  open 
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26.    CalaDmgrostis  hyperhrea  sfe/wdes,  Kearn. 

i^7.    CnlanKigrostis  montanensiSf  Scribn. 

Seldom  foiinrl  in  the  mountains;  these  grasses  ^row  on  stiff 
chiys,  ou  uiJand  alkaline  lands,  or  even  on  the  dry  oj^)en  benches. 
They  are  commonly  mixed  with  prairie  June  grass  (Koeleria  crista- 
ta)  and  pojjularly  confused  with  it. 

2H,    Calarnagj'ostis  purpurasreiis,  R.  Br. 

Found  in  bunches  on  the  tops  of  mountains,  on  mountain  ridges 
and  among  broken  rocks  on  rugged  mountain  sides. 

31).    Calamagrostis  SukHdorfii,  Scribn. 

Found  under  about  the  same  conditions  and  often  with  C.  hyper- 
BOREA  Americana. 

30,  Calanvovilfa  longifolUt,  Hack.    Big  Sand  Grass. 

This  tough,  broad-leaved  grass  is  valuable  to  bind  loose  drifting 
sands.  Commonly  found  in  circular  patches  in  dry  sandy  swales  and 
on  sandy  hillsides,  where  it  grows  almost  to  ithe  exclusion  of  all  other 
grasses.  It  often  covers  sandy  bends  of  the  Missouri  river,  and  is 
used  for  pasture  and  sometimes  even  for  hay. 

31,  Cyperaceae.    Sedj?es,  or  slough-grass. 

These  broad -leaved  plants  resemble  the  true  grasses.  They  grow 
mostly  in  moist  ravines  and  wet  meadows,  but  one  (Carex  filifolia, 
Nutt.)  is  also  found  on  the  dryest  benches  with  the  blue  grama  (Bou- 
TELOUA  oligostachya).  Several  more  grow  on  mountain  sides 
and  in  mountain  parks. 

Meadows  of  rushes  and  S(Hlges  are  valued  highly  by  sonu^  on 
accoimt  of  the  fact  that  they  furnish  1  irgc;  (juantities  of  hay  yc^arly 
and  will  continue  to  do  so  indefiiiitelv. 
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3^,    Dantlwnia  Californica,  Bol.    California  Oat  Grass. 

33.    Danthonici  intermedia,  Vasey.    Rocky  Mountain  Oat  Grass.  [Pig  8]. 

34-    Danthonia  unispicata.  Munro.    Tumble  Grass. 

These  three  grasses,  though  quite  different,  are  also  much  alike, 
The  first  two  are  usually  eighteen  inches  high  and  grow  scattered. 
The  last  is  four  to  eight  inches  high  and  found  in  mats  on  the  edges 
of  little  sags.  All  grow  in  the  foothills,  and  the  first  two  also  in  moun- 
tain parks,  at  times  well  up  on 
mountain  sides.  In  the  prairie 
region  the  first  occurs  only  in  nar- 
row strips  down  the  bottom  of  dry 
ravines. 

35.    Deschiimpsia       caespitosa, 
Beauv.    Tussock  grass. 

This  grass  requires  about  the 
same  conditions  as  red-top  (Agbos- 
Tis  alba),  and  is  usually  found  in 
wet  meadows  and  swamps  where 
there  is  plenty  of  sun.  "  While 
neither  the  yield  nor  the  quality  of 
forage  is  equal  to  that  obtained 
from  timothy  or  red -top,  there  can 
be  no  doubt  that  this  grass  fills  an 
important  place  among  the  native 
meadow  and  pasture  grasses  of  this 
region.''  In  places  where  many 
better  grasses  can  not  grow,  it  of- 
ten converts  bogs  into  useful 
meadow  lands  by  means  of  its 
dense  tufts  and  tough,  tibrous  roots.  Continued  mowing  and  pastur- 
ing have  the  effect  of  reducing  its  tufts  to  a  fnirly  oven  sod,  especially 
when  a  few  other  grasses  act  as  fillers. 

36.    Distiehlis  spirata,  Greene.    Salt  prass.    Alkali  grass. 

Wherever  this  grass  is  found,  one  can  say  with  fair  certainty  that 
there  is  considerable  alkali  in  the  soil.     (See  alkali  flats.) 


8.    Danthonia  intermotiia,    Vasey. 
(U.  S.  Div.  of   Agros.) 
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■37.    Eiitonia  iibtusiffcr,  diay.    Early  Bunch  Grass.    {FioS;. 

This  gnips  is  found  in  moist  meadows,  mainly  those  overflower!  by 
water  in  the  spring  and  nearly  free  from  alkjili.  It  makes  excellent 
hay. 

■}fi.    Elynvits  Cdiiutlenais,  L.    Wild  Rye.    Canadian  Rj-e-Gras:!. 

This  grass  is  found  in  clumps  of  small  brush  and  in  moist  shady 
nooks  of  the  prairie.  Mixed  with  other  grasses  in  bends  of  creeks,  it 
sometimes  enters  lai^ly  with  the  hay  of  lowlimils.  It  is  probably  the 
most  generally  distributed  and  of  the  greatest  value  in  meadows  of  all 
the  rye  grosses  here. 


'.V.     Khpinis  I'DiuJcnaiifus.  I" 

This  ca:ir3e.  tou;^li   grass   is  found 
meter  and  from  four  to   ton  feel  hiijli. 


intryeera^s.     [Fig. '"I- 


It  grow- 


i  a  foot  or   two   in 
in  nooks  of   hillsr 
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high  bends  of  creeks,  and  at  times  on  open  bottom  lands.  When 
young,  it  makes  hay  of  fair  quality,  but  becomes  tough  and  hard  un- 
less cut  annually. 

40.    Elymiis  glaiLCUSy  Buckl.    Mountain  rye-^rasR. 

This  grass  thrives  in  mountain  canyons  and  parks  nnd  on  moun- 
tain sides  almost  to  the  tops.  It  is  seldom  if  ever  found  alone,  but 
appears  to  increase  in  quantity  in  the  parks  as  the  altitude  increases. 
It  is  certainly  a  valuable  pasture  and  meadow  grass  for  high  altitudes. 

4I'    Elymiis  Mdcounii,  Vasey.    Macoun's  rye-j?rass. 
42,    Elymus  triticoides,  Buckl.    Wild  rye. 

The  above  are  two  other  rye  grasses  fomid  in  the  foothills  of  Cen- 
tral Montana,  but  it  is  doubtful  whether  either  of  them  is  ns  import- 
ant as  the  Canadian  or  Mountain  rye-grasses. 

^J.    Eriocoma  citspidata,  Nutt.    Indian  millet. 

In  Central  Montana  this  grass  is  mainly  found  in  scattered 
bunches  on  sandy  soil  or  hillsides  in  the  edge  of  the  badlands,  but  is 
also  found  more  rarely  on  clayey  soil  and  in  thc^  foothills.  The  foliage 
is  tough  and  wiry. 

44"    Eestura  ranipestris,  RyJ.    Snow  grass. 

In  portions  of  the  foothills  partly  sheltiTe.l  by  mountains  and  in 
sections  of  mountain  parks,  this  grass  grows  nearly  alone.  In  such 
places,  it  is  found  on  mounds  similar  to  the  tussocks  on  which  certain 
swamp  grasses  grow.  From  th(»  top  of  these  its  long  leavers  lop  over 
on  all  sides.  It  makes  good  pasturage,  as  it  starts  as  soon  as  the  snow 
is  off  in  the  spring,  but  it  is  extremely  difficult  to  mow  for  hay.  It  is 
also  found  scattereil  in  mountain  parks,  where  it  doc^s  not  grow  ii\ 
mounds  and  fonns  only  a  small  portion  of  the  ^orage,  but  when  mixeil 
with  other  grasses  may  form  valuable  meadows. 

4o.    Fcstnea  ortoflrtrct,  Walt.    Slender  fescue. 

This  strange  little  annual  is  found  widely  scattered  ovct  the  plains 
portion  of  the  country.  Stock  leave  it,  (»ven  when  the  blue  grama  is 
gnawed  to  the  ground. 
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4G.    Festiicu  ovina,^    Sheep  Feacue.    [Fio  11|. 

47.    Festura  rubra,  Ij-    Red  Fescue. 

On  the  uplaiir]  lienchea  of  the  foothills,  011  niounttiirk  ridj^s  and  in 
the  drier  portion  of  mountain  parks,  these  two  valuable  grasses  form 
the  greater  part  of  the  forage  and  are  t(^ether  know  as  bunch  grass. 
More  or  less  scatlereif  they  are  found  on  down  to  the  edge  of  wet 
meadows.  In  their  habit  they  resemble  the  bhie  grama,  which  is  al- 
most absent  here. 


\ 


h 
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They  grow  in  little  circular  bunches   two  or  three  inches  over  and 
include  many  varieties. 
4S.    Hordeum  ccespitosiiin,  Scribn. 
40.    Hordeiinb  jiihatunv,  L.    Squirrel  Tail  Grass.    [Fig  12J. 

These   two   grasses,   commonly   known    as    '*foxt«il"  through  the 
country,  ani  apt  to  be  bad  weeds   on   moist   semi-alkaline   soil.     They 
are  found  around  the  edge  of  intermittent  pond  holes  mixed  with  hair- 
grass  (Agrostis  hiemalis)  and  in  strongly 
alkaline   meadows    mixed   witli    salt-grass 

(DiSTICHLIS  SPICATA). 

60.    Hordeum    pusillum,     Nutt.     Little 
barley. 

This  little  pest  grows  similar  to  slen- 
der fescue  (Festuca  octoflora),  crowding 
out  the  blue  grama,  and  is  not  eaten  by 
stoc^.  It  is  mainly  found  in  the  edge  of 
the  badlands. 

51.  JuncdCde.    Rushes,  or  wire  grass. 

Small  plants  resembling  the  grasses 
growing  in  clumps  along  the  bottom  of  dry 
ravines,  and  in  moist  meadows  mixed  with 
sedges,  Their  hay  is  low  in  food  value, 
but  is  often  cut  in  large  quantity. 

52,  Kcelerki  cristata,  Pers.    Prairie  June 
Grass.    [Fig  13.] 

This  early  grass  rarely  grows  alone 
but  adds  greatly  to  the  forage  conditions. 
It  is  found  on  the  top  of  the  dryest  hills 
and  well  down  into  the  wet  meadows.  On 
alkaline  land,  if  any  grass  except  salt- 
grass  will  grow,  it  is  apt  to  be  found. 
Found  throughout  the  badlands,  prairie 
benches,  foothills,  mountain    parks  and   is 

13.  Kceieria  cristata,  Pers.         ^pt  to   be  Seen  ou   the  mountain  sides  as 
(U.  s.  Div.  of  Agros.)  high  as  the  grass   will   grow.     It    is  the 
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most  widely  distributed  grass  of  the  rej^ion.  It  matures  early,  dries 
up  and  furnishes  a  large  quantity  of  seed.  It  is  one  of  the  first  to 
afford  pasturage  in  the  spring  ati  1  is  much  relished  by  stock. 


oo.    MelJca    cejHfcea,    Scribn. 
Slender-Flowered  Melic- 
Gra.ss. 

Found  in  shady  ix)rtions  of 
Belt  i)ark  only. 

/7^.  MiiJiIe fiber o'i(f  vdcemoHa, 
B  S.  P.  Satin  Grass.  Wild 
Timothy.    [  Fig  14]. 

Found  on  gravelly  soil 
around  the  edge  of  thickets, 
about  a  mile  above  Armington 
only. 


14.    Muhlcnberffia  racemoea,    R.  S,  P. 
(U.  S.  Div.  of  Affrop.) 
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>55.    I'univularia  Americana,  MacM.    Keed  Meadow  GrasM.    |Fiu  l-'i). 

30.    Panifulariii  iteifata,  Kuntze.    Foul  Meadow  Gruss. 

o7.     I'h'iltu-is  annul inacea,  L.     Reed  eanary  grass.     |Pig.  lOj. 

These  are  usuiiily  found  aloiiR  stream  margins  imiJ  in  low  ground. 
The  first  two  jjrow  two  feet,  and  the  l»st  four  feet  high.  Under  fav- 
oradle  conditions,  they  produce  fair  hay.  The  hist  is  by  far  the  most 
valuable.  SDuie  think  it  can  be  cultivated  to  advallta^'e  on  laud  that 
now  produces  o:iIy  rushes  au<l  sedges.     It  will  not  endure  alkali. 
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58.    Phlemn  alpinum,  L.    Mountain  timothy.    [FiR.  17]. 

'>9.    I'hleum,  pratense.  L-    Timothy. 

The  first  is  »  uative  at  high  altitudes  in  moutitain  regious,  while 
the  luat  is  one  of  the  l«^st  known  and  most  widely  cultivnted  of  the  im- 
porteil  grassL'S.  In  mountain  regions  tlie  liitter  lias  siiread  so  rapidly 
of  latt'  joars  thjit  it  is  difficult  to  say  which  is  now  in  the  greater 
abundance.     In  mountain  meadows  they  form  at  times  verj^  large  por- 
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tiona  of  the  Vegetation.  The  Writer  found  patches  where  the  common 
timothy  hail  crowded  out  the  native  grasses  so  completely  that  it  was 
difficult  to  believe  that  it  had  not  been  eoWed  on  plowed  ^und, 

60.    Poa  laevi^nta,  ScHbo.    Smooth  Buoch  Uram. 

(il.    P(Hllucida,VeMy.    Pale  Bunch  Gra«.    [Flo  18.1 

These  grasses  are  found  widely  scattered  over  the  prairie  benches, 
but  do  not  till  atiywhere  near  as  important  a  place  as  formerly.  In 
meadows  overflowed  by  spring  runs  or  irrigated  moderately  they 
make  fine  bay. 

$B.    Poa  nemoratie,  I*    Wood  Meadow  Grass. 

63.  Poa  JVevadfnsis,  Vaney.    Nevada  Blue-Grass. 

64.  Poa  rupicoln,  Naab. 

This  Was  found  in  a  few  places  on  the  prairie  and  on  the  tops  of 
two  mountains.  It  resembles  the  other  meadow  grasses  in  appearance 
and  habite  of  growth. 

Fuccinellia  airoides,  W,  &  c.    Alkali  Meadow  Grass.    iPm  18.] 

This  grass  is  principally  found 
HB  one  of  the  constituents  of  wet 
meadows.  "  It  is  not  as  well  liked 
by  stO(-k  as  many  other  grasses. 
It  possesses,  however,  alkali  resist- 
ant qualities,  which  enables  it  to 
grow  in  soils  which  better  grasses 
can  not  endure." 

66>  Schedonnardue  panicula- 
tus,  Trel.    Crab  Grass. 

This  annual  was  found  in  old 
tuts  in  Sand  Coulee,  east  of  Great 
FaUe. 
67.    Sitanwn  rigidtim,  J.  O.  S. 


1     ^-^^ 
POccliMUla  atntldM.  Watt*.  A  Conlt. 
(D.S.IMT.of  A«n«.) 
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This  stiff,  long-bearded  grass  grows  on  rocky  niountiiiii  tops,  as 
at  iSquare  Butte,  und  among  broken  igneous  rocks  and  limestone  on 
rugged  mountain  sides.  For  stock,  it  is  far  worse  than  the  squirrel- 
tail  grass  (HoBDEUM  jubatum). 


08.  Spartina  cynosuroides,  Willd, 
This  grass  grows  in  or  near 
shallow  water,  and  adds  to  the 
forage  of  wet  meadowa.  It  is 
tough  and  generally  avoided  by 
stock. 


G9.    Sporoholus  as/ierifolius,  Thurb.    Rough-Leaved  Salt-Grass. 
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Grows  well  on  strongly   alkaline   soil   and   has   little  more  value 
than  salt-grnss  (Distichlis  kpicata). 

"'■/.  SpwvlMiJuslij-erifoUllS,  Seribn.  Prairie  RuHh  Grass.  [Fio  21]. 
Scattered  from  the  edge  of  the  mouatain  region  to  well  down  into 
tile  badlands;  thrives  under  all  conditions  except  on  the  dry  bench 
lands.  It  grows  in  patches  thick  on  the  ground  and  from  four  inches 
to  two  feet  high,  depending  upon  the  amount  of  moisture.  On  the 
ranges,  however,  sheep  leave  it  until  the  blue  grama  is  gone.  This 
tirass  gives  promise  of  great  value,  as  it  withstands  alkali  well  and  in 
moist  meadows  furnishes  a  surprising  amount  of  hay. 
Sand: 

Grows  in  scattered  bunches  in  sandy 
places,  mainly  in  the  badlands. 

7 J.    Stifjo  conifihi.  F.  &  R.    Needle  Gra.s«. 
[Fio  22). 

This  grass  is  widely  scattered  over  the 
benches  of  the  open  country  and  its  foilage 
is  rich  in  food  for  stock.  Its  needles,  how- 
ever, are  very  sharp,  and  getting  into  wool, 
often  penetrate  the  skin. 

Richardson's 

Found  in  the  edge  of  the  mountain  re- 
gion only.  It  appears  to  be  inferior  to  Stipa 
viRiDirLA  in  value. 


Resembles  Stipa  tomata,  but  is  taller  and  more  erect,  growing 
in  the  foothills  mainly.  Its  needles  are  also  shari>er,  longer  and  stif- 
fer.  and  are  more  injurious  to  stock- 
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75,    Sttpa  viridula,  Vsaev.    Feather  QuDDh.OroaB. 

Uaually  grows  in  small  bunohes,  bot  sometlmeB  scattered,  oii 
Btiff  plastic  clays  of  tbe  badlands,  aad  in  nearly  every  semi.nioist  nook 
and  comer  of  a  billy  country,  yet 
^eve^  in  great  quantity  anywhere, 
In  the  footbills  and  niountain 
parks,  it  grows  more  in  the  open 
and  often  adds  to  the  general  valat> 
of  the  forage;  does  well  nnder  irri. 
gatjon, 

7(>.    TrUetviih  aubsptcaturit, 
Bmai.    Downy  Oat-Graw, 

Growing  mainly  on  monntalit 
sides  and  ridges  and  in  mountain 
parks.  This  grass  Nourishes  in  ti 
variety  of  soils,  but  is  most  com. 
monly  found  in  moist  open  wood, 
lauds  or  in  the  edge  of  thicketo. 


FORAGE  CONDITIOTSrS  OP  CENTRAL  MONTiWA.         37 


BIVXrlOCRAPHY, 


Anderson,  P,  W,    Pastoral  ResourcGS  of  Moiiitaii*,    Report  of  Coro,  of 

Agri  (1888,) 
Seal  W,  J,    Grasses  of  North  America,   Vol  I  (1886,)  Vol.  II  (1896). 
Brittoa  &  Brown,    Illustrated  Flora  of  Northern  States  a»d  Oauada 

(1896), 
Coulter,  John  M..    Manual  of  Rocky  Mountain  Botany  (1885), 
Gray#  Asa.    Manual  of  the  Botany  of  Northern  United   States  (1889), 
Kearny,  Thos.  H.    A  Revision  of  the  Genus  Calamagrostis  (1898), 
Kennedy,  P,  B,    Structure  of  the  Caryopsis  of  Grasses  (ItKK)), 

Co-operative  Experiments  with  Grasses  and    Forage    Plants 
(1900), 
Rydherg,  P,  A.    Grasses  and  Forage  Plants  of  the  Rocky  Mountains 
(1897), 
Catalogue  of  the  Plants  of  Montana  and  the  Y.  N,  P.  (1896), 
Scribner,  F,  L.    American  Grasses.    Vols,  I,  II  and  III  (1900), 
Agricultural  Grasses  of  Central  Montana  (1883), 
Description  of  New  or  Little  Known  Grasses  (1898  >, 
Economic  Grasses  (1900), 

Native  and  Introduced  Species  of  Genera  Hordeum  and  Agrojv 
yron  (1897), 
Shear,  O,  L,    A  Revision  of  the  Genus  Bromus  (1900), 
Field  Work  in  the  Division  of  Agrostology  (1901), 
Grasses  and  Forage  Plants  of  the  Rocky  Mounbiin  Region 

(1897), 
Information  on  the  Genera  Hordeum,  Eljoniw  ami  Sitanion 
(1901), 
(^mitb,  J.  G,    A  Synopsis  of  the  Genus  Sitanion  (1899), 

Native  and  Introduced   Species  of  the  Genera  Hordeum  and 
Agropyron  (1897), 
Williams,  Thos,  A,    Grasses  and  Forage  Plants  of  the  Eastern  Rocky 
Mountain  Region  (1898), 

Grasses  and  Forage  Plants  of  the  Dakotas  (1897), 


38 


MONTANA  EXPERIMENT  STATION. 


INDEX. 


Page 

Afjropyron  divergens 8,  17 

Gmelinii  ........  18 

occidentale 7,  8, 17 

*'  '  "  molle 17 

"  jjseudorepeDS 19 

RichardsoDi 18 

"  tenerum 11,  18 

violaceuin 18 

Agrostis  alba 18,  25 

asperifolia 19 

hiemalis 8,  19,  29 

Alkali  flats 8 

Alkali  meadow  grass 8. 10,  25,  33 

Alopecurus  geniculatus 19 

"         occideDtalis 11, 20 

AndropogoD  scoparius 20 

Aristida  longiseta  robusta 20 

Artesian  water  ...    5, 6 

Avena  Americana 21 

Badlands 7 

Beckmannia  erucaeformis 10, 21 

Benches,  prairie 8 

upland 11 

Bibliography 37 

Blue  grama 8,  9. 11,  22,  24,  28,  29 

"      Nevada 33 

•'      joint 7,  8,  10.  12, 17 

"    stem.  Colorado 17 

"     little 20 

Bouteloua  oligostachya 8,  9,  22,  24 

Brome  grass,  smooth 11, 22 

western 11,23 

Bromus  inermis 11, 22 

marginatus 23 

Porteri 23 

Pumpellianus 11,23 

Richardsoni 23 

Buffalo  gra.ss 22 


Page 
Bunch  grass 28 

"    early 26 

"    feather 36 

"    pale 11, 33 

"    smooth 8, 33 

wheat  grass 8, 17 

Calamagrostis  Canadensis  accumin- 

ata 23 

Calamagrostis  hyperborea  Americana  23 

stenodes  .  24 

montauensis 24 

•'  purpurascens 24 

Suksdortii 24 

Calamovilfa  longifolia 24 

Canary  grass,  reed .' 31 

Carex 13,  24 

Clay 6,7 

Cord  gra-ss 10, 34 

Crab  grass 33 

Cyperaceae 13,  24 

Danthonia  Californica 25 

"         intermedia 25 

uni.spicata 25 

Deschampsia  caespitosa 10, 25 

Distichlis  spicata 7,  8,  25,  29 

Dogtown  grass 20 

Early  bunch  gra.ss 10, 26 

Eatonia  obtusata 10, 26 

Economic  considerations 11, 12 

Elymus  Canadensis 26 

condensatus 26 

glaucus 11, 18, 27 

Macounii 27 

triticoides 27 

Eriocoma  cuspidata 7, 27 

False  (luack  grass 18 

Feather  grass 7, 35, 36 


FORAGE  CONDITIONS  OF  CENTRAL  MONTANA. 


39 


Page 

Fescue,  red 28 

sheep 11, 28 

*     "        slender 8.27,29 

Festuca  campestris 11, 27 

octoflora 8, 27, 29 

ovina 11,28 

rubra 28 

Foothills  In 

Foxtail 2J) 

floating 8, 19 

mountain 11,20 

Geology 5,  7 

Gravel 6, 7 

Grazing  and  tramping 9 

Hair  graaA 8, 19,  29 

Hordeum  caespitosum 29 

iubatum 8,29,34 

pasillum 8, 29 

Indian  millet 7,27 

Irrigation 12 

Juncaceae .13,  29 

Juncus 13 

Juncoides 13 

June  grass 7, 8 

Key  to  the  grasssea 13-16 

Koeleria  cristata 7, 8, 29 

Little  barley 8, 29 

Meadows 10 

Meadow  gra.sses 8, 9, 33 

-       grass,  alkali 7,  8,  25,  29 

-      foul 10,31 

"  '*      reed 31 

w^ood 11.33 

Melica  cepacea 30 

Mountain  foxtail 20 

"  parks 11 

timothy U 

*'  rye  grass 27 

Muhlenbergia  racemosa 30 


Pagk 

Needle  gra.ss 8, 35 

Needlen,  Devil's 35 

Oat  grass,  American 21 

Cahfornian 25 

downy 11, 36 

wild 25 

Pale  bunch  grass 10 

Panicularia  Americana 10, 31 

nervata 10, 31 

Parks 11 

Phalaris  arundinacea 10, 31 

Phleuni  alpinum 11, 32 

pratense 1 1, 32 

Physiography 5-7 

Plant  formations 7, 11 

Poa  laevigata 8,  33 

"  lucida 11,  a3 

"  nemoralis 11, 33 

"   Nevadensis 33 

"  rupicola 33 

Porcupine  grass 35 

Prairie  benches 8 

"     June  grass 8, 9, 29 

rush  grass 10, 35 

Puccinellia  airoides 8, 10. 33 

Quack  grass,  false 18 

Red  top 18, 25 

Reed  canary  grass 10, 11, 31 

meadow  grass 10,  30 

Rough- leaved  bent-grass 19 

"  salt-gruss 10 

Rushes 10, 12,  24,  29 

Rush -grass,  prairie 7, 35 

sand ^ 35 

Rye  grass,  Canadian 2(5 

giant 2G 

mountain 11, 27 

"  Macoun's 27 

Salt.gra.ss 7. 8, 25, 29. 

rough-leaved 8,  34 
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8and  grasir,  big, .......... .^  ..- '24 

"    tush  grass. 35 

Satin  grass 30 

Schedonarclus  |mi)k;ulatus. 33 

Sedges 8, 10, 12, 24 

Sitanion 33 

Slough  grass. 10, 21, 34 

Snow  grass. . . , .........  11^27 

SpartinU  cynosutoides. 10,-34 

Sporobolus  asperifolius. 8, 10, 34 

bretifolius...........  10,35 

cyptaodrus. 35 

Squirfel-tail  gfass 8, 29, 34 

Stipa  comata .........;.......  8,  S& 

**      Richardson! . 35 

smarted 35 

Sti^  viridula 7, 36 


Page? 

Tickle  gfass.    (Seer  haif  grasf^ 

Timothy 11, 25, 32. 33 

"       mountain 11, 32 

"       Wild....- 30 

Triple  aWn.......... .............. .  36 

THsetdm  subspicatuim ...........  11, 36 

Tumblirfg  gtass 25 

TuflsOdk  gtass.. 10, 25 

Whefat-gfaais,-  beatded. . .  18 

baiich....     ....  8,17 

shoft-Ieaved 18 

Blender. ...........  ll,  18 

ttjOUntain.... IS 

Westel'n.(See  blue-joint) 

mid  fye 21 

Wife  grass. "29 
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Bulletin  No.  37.  -  -  September,  1902. 

PORK  PRODUCTION  IN  MONTANA. 

BY  R.  S.  Shaw. 

The  industry  of  pork  production  is  in  great  need  of  encourage- 
ment throughout  the  arid  west,  which  supplies  but  a  small  per- 
centage of  the  pork  required  for  home  consumption.  Western 
town3  and  cities  are  in  large  measure  supplied  with  cured  pork 
from  the  great  packing  houses  of  the  east,  with  a  product  from^ 
the  corn  producing  regions.  There  is  a  great  demand  for  large 
quantities  of  cured  pork  in  Montana.  The  occupations  and  condi- 
tions surrounding  the  people  are  such  that  large  quantities  of 
cured  meat  must  be  used  of  which  pork  is  the  chief.  Ranchmen, 
stockmen,  raih'oad  and  canal  builders,  miners,  prospectors  and 
campers  living  in  places  remote  from  the  large  centers  can  neither 
obtain  nor  handle  fresh  meats  to  good  advantage.  In  many  in- 
stances our  farmers  still  continue  to  purchase  cured  bacon  and 
ham,  l^earing  packing  house  brands,  from  local  merchants  instead 
of  producing  them  on  the  farm.  Because  of  these  practices  our 
western  farmers  are  failing  to  obtain  a  large  revenue  which  they 
could  so  easily  secure.  Pork  cannot  be  produced  more  cheaply  or 
of  better  quality  than  in  the  irrigated  regions  of  the  arid  west. 
Hog  raising  has  been  made  possible  by  the  opening  up  of  agricul- 
tural lands  wliich  are  made  to  produce  enormous  quantities  of 
cereals  and  legumes  by  means  of  irrigation. 

SUITABILITY  OF  CLIMATE. 

The  climate  of  the  arid  west  is  characterized  by  a  light,  dr)'  air, 
prevailing  sunshine  and  moderate  temperature.  No  better  combi- 
nation of  conditions  exists  for  the  health3^  and  rapid  development 
of  the  pig.  The  cultivated  regions  are  in  general  found  between 
the  altitudes  of  2000  and  5500  feet,  where  little  or  no  damp, 
cloudy  weather  occtirs.  These  atmospheric  conditions  combined 
with  an  almost  continued  sunshine  throughout  the  winter  season 
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lessens,  in  fact  almost  entirel3'  prevents,  the  occurrence  of  the  many 
pig  troubles  so  disastrous  in  the  more  humid  regions. 
Throughout  these  regions  extremes  of  temperature  are  not  preva- 
lent during  long  periods  of  time,  and  being  short  lived  are  easily 
endured  because  of  the  lack  of  humidity.  In  general  the  climatic 
conditions  are  such  that  the  pig  can  run  out  of  doors  throughout 
almost  the  entire  year,  the  snow  fall  being  very  light.  These  con- 
ditions tend  toward  vigor  and  healthfulness  and  permit  of  eco- 
nomic methods  of  feeding.  Everywhere  it  is  possible  to  provide 
abundant  supplies  of  clear  sparkling  water  from  the  mountain 
streams.  A  number  of  instances  have  been  noticed  in  which  breed- 
ing hogs  imported  from  the  corn  belt  have  brought  hog  cholera 
among  our  western  bred  stocks.  In  one  case  60  per  cent,  of  the 
imported  hogs  died  while  only  one  mature  hog  out  of  twenty 
Montana  grown  ones  succumbed,  although  all  were  eflFected.  In 
this  we  have  strong  evidences  of  the  constitutional  vigor  produced 
by  the  climatic  and  food  conditions. 

SUITABILITY  OF   FOOD  PRODUCTS. 

The  pork  producing  foods  grown  in  the  arable  regions  of  Mon- 
tana consists  of  cereals,  legumes  and  root  crops,  the  marvelous 
productiveness  of  which  has  been  heretofore  described.  The  cereal 
grains  include  brewing  and  white  and  black  hulless  barley,  spring 
club  wheat,  rye  and  oats.  One  legume,  viz.  peas,  can  be  universal- 
ly grown  in  great  profusion.  Forage  crops,  alfalfa,  red,  alsike 
and  white  clovers,  peas,  winter  and  spring  rye  and  various  grain 
mixtures  produce  an  abundant  variety  of  pasture  throughout  fully 
eight  months  of  the  year.  Of  the  root  crops  best  suited,  sugar 
beets,  mangolds  and  carrots  can  all  be  raised.  While  the  great 
variety  enumerated  cannot  all  be  grown  in  each  cultivated  section, 
still,  there  ib  no  farm  territory  in  Montana  where  a  suitable  com- 
bination of  these  cannot  be  grown.  It  is  true  that  winter  rye  can 
be  universally  grown,  and  no  section  need  be  without  some  one  or 
more  of  the  legumes,  cereals  and  root  crops.  It  therefore  follows 
that  excellently  balanced  rations  can  be  secured  generally  which 
will  produce  a  good  qnality  of  pork,  rapidly,  cheaply  and  economi- 
cally. It  may  appear  to  those  from  the  corn  belt  that  the  inability 
to  grow  corn  in  most  parts  of  Montana  is  a  strong  argument 
against  the  business.  In  peas,  however,  we  have  an  excellent  sub- 
stitute for  corn.    Bulletins  34  of  the  Utah  Station  by  Mills,  and  38 
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of  the  South  Dakota  Station  by  Chilcott,  both  report  peas  super- 
ior to  corn  for  fattening  swine.  Barley  is  reported  by  the  famous 
Danish  pork  producers  to  be  the  best  single  grain  for  the  produc- 
tion of  high  grade  bacon.  Director  Henry  of  the  Wisconsin  Sta- 
tion gives  the  following  comparison  between  corn  and  barley  as 
pork  producers,  viz.: 

471  pounds  of  barley  meal  produced  100  pounds  of  gain. 

435  pounds  of  corn  meal  produced  100  pounds  of  gain. 

Wheat — The  results  of  several  stations  show  wheat  and  corn 
to  be  nearly  equal  in  pork  producing  value  with  a  very  slight  ad- 
vantage in  favor  of  corn. 

Oats — According  to  Henry's  *'Feeds  and  Feeding/'  the  Massa- 
chusetts Station  reports  that  20  per  cent,  more  oat  feed  than  com 
meal  was  required  to  produce  100  pounds  of  gain.  Oats  are  more 
valuable  as  an  adjunct  to  lighten  heavier  rations  than  when  used 
alone. 

Rye — The  results  of  comparative  work  show^s  rye  and  barley 
to  have  about  equal  feeding  values.  These  facts  tend  to  prove  that 
our  grain  foods  are  exceptionally  well  adapted  to  pork  making, 
and  at  the  same  time  the  use  of  these  is  greatly  facilitated  by  the 
possibility  of  a  continuous  supply  oi  nitrogenous  forage  crops  dur- 
ing a  long  growing  season,  and  by  root  crops  in  the  winter. 

PREPARING  FEEDING  FOODS. 

The  most  satisfactory  results  have  been  secured  from  grinding 
the  grain  feeds  and  soaking  a  short  time  before  feeding.  Under  the 
arid  conditions  the  cereal  grains  become  so  hard  and  flinty  that 
they  cannot  be  fed  whole  with  good  results.  Local  facilities  are 
now  such  that  grains  can  be  ground  at  little  expense.  Where  it  be- 
comes a  necessity  to  feed  whole  grain  this  can  be  accomplished  by 
scattering  it  on  hard  dry  ground  or  a  feeding  floor,  it  will  then  be 
picked  up  little  by  little  and  is  more  likely  to  be  masticated,  where- 
as, if  fed  in  troughs  large  quantities  are  swallowed,  passing  the  di- 
gestive tract  whole.  Prices  of  labor  are  so  high  as  to  render  the 
cooking  of  either  grains  or  roots  too  expensive.  Root  crops  can 
be  fed  to  good  advantage  raw  except  where  turnips  or  rutabagas 
are  used. 

FORAGE  CROPS. 

The  climatic  conditions  and  capabilities  of  crop  production  are 
such  that  pigs,  old,  young,  breeders  and  fatteners.  can  forage  dur- 
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ing  fully  two-thirds  of  the  year.  The  secret  of  economy  in  pork 
production  in  Montana,  consists  in  keeping  the  pigs  foraging. 
Even  though  some  expert  investigations  reveal  the  fact  that  a  pig 
enclosed  in  a  pen  will  make  a  greater  gain  from  a  given  number  of 
pounds  of  food  than  the  pig  running  at  large,  still,  it  will  pay  bet- 
ter because  of  the  cost  of  labor  to  let  the  pig  go  to  the  food  than  to 
bring  the  food  to  the  pig.  A  succession  of  forage  crops  must  be 
provided  for,  which  means  that  from  three  to  four  lots  should  be 
fenced  off  near  the  hog  houses.  If  alfalfa  alone  is  relied  on  this 
should  be  divided  into  two  parts  to  permit  of  recuperation  and  ir- 
rigation. Forage  crops  maj'^  be  relied  on  for  use  in  the  following 
order,  winter  rye  in  April,  alfalfa  in  May,  the  clovers  in  June»  grain 
mixtures  in  July,  and  peas  from  August  to  the  setting  in  of  winter. 
These  are  the  periods  at  which  each  of  the  crops  named  come  into 
use.  Of  these  crops  alfalfa  is  one  of  the  most  important  because 
of  its  permanency;  where  it  cannot  be  grown  some  one  ofthe  clovers 
is  sure  to  answer.  Alsike  clover  is  well  adapted  to  moist  situa- 
tions and  withstands  very  severe  grazing.  White  clover  will  grow 
in  a  still  wetter  soil.  Through  the  use  of  a  liberal  amount  of  wa- 
ter not  more  than  four  or  five  acres  of  forage  is  necessary  to  pro- 
vide green  food  for  a  herd  of  from  40  to  50  pigs  of  all  ages,  from 
the  opening  up  of  spring  till  the  pea  crop  and  grain  stubbles  become 
accessible.  Young  growing  pigs  should  not  be  required  to  forage 
for  a  living;  a  one-third  grain  ration  should  be  supplied  in  order 
to  secure  a  proper  growth  and  development.  Foraging  alone  will 
only  provide  maintenance  and  a  small  gain  in  live  weight.  The 
light  grain  ration  advocated  will  materially  assist  in  producing 
renumerative  gains  and  prepare  the  3'oung  pig  for  fattening  on  the 
stubbles  or  peas  in  the  autumn. 

METHODS  OF  FEEDING. 

THE  BROOD  SOW. 

The  brood  sow  can  forage  the  greater  part  of  the  year.  During 
the  later  stages  of  pregnancy  a  little  grain  food  should  be  supplied, 
the  amount  depending  upon  her  condition  of  flesh;  this,  however, 
will  not  be  necessary  during  the  time  she  is  gleaningfrom  the  grain 
fields.  The  forage  in  general  being  leguminous  any  one  of  the  cer- 
eal grains  may  be  used  as  supplementary  food.  While  nursing  the 
litter  access  should  always  be  given  to  the  forage  grounds  when 
possible,  and  a  liberal  grain  ration  fed.    Immediately  after  farrow- 
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ing  a  light  ration  of  sloppy  feed  consisting  of  skim  milk,  shorts, 

bran  and  oats  is  most  satisfactory:  the  heavier  grain  foods  can  be 

gradually  added.    During  the  period  of  rest  or  earl3'  pregnancy  in 

the  winter  months  the  brood  sow  can  be  maintained  on  sugar 

beets,  carrots  or  mangolds  with  a  one-third  grain  ration  added. 

Spring  farrowing  has  hitherto  been  favored,  but  the  climatic  and 

food  conditions  are  such  that  fall  litters  can  be  handled  almost 

equally  well.  * 

YOUNO  AND  STORE  PIQS. 

These  should  have  constant  access  to  forage  grounds  in  the 
summer  season,  and  sheltered  yards  in  the  winter.  When  four 
weeks  old  they  will  take  a  little  sweet  skim  milk  to  which  some 
shorts  or  middlings  may  be  gradually  added,  and  later  some 
ground  wheat.  A  light  grain  ration  should  be  supplied  the  young 
growing  pig  in  addition  to  the  forage  throughout  the  forage  seas- 
on but  may  be  entirely  cut  off  as  soon  as  the  pigs  reach  the  pea  or 
grain  stubble  fields.  During  the  winter  season  the  shotes  should 
have  access  to  stacked  alfalfa,  clover,  or  peas,  from  which  they  will 
secure  a  large  amount  of  food.  Sugar  beets  should  also  be  supplied. 

THE  FATTENING  HOGS. 

This  process  is  most  economically  accomplished  by  finishing  in 
the  pea  lots  or  grain  stubble.  The  pigs  should  be  turned  on  the 
peas  as  soon  as  the  ])ods  are  filled  and  the  peas  begin  to  hard- 
en. If  sufficient  pigs  are  used,  say  10  per  acre,  not  a  pea  will  be 
wasted  and  even  a  portion  of  the  vines  consumed.  One  acre  of 
peas,  producing  at  the  rate  of  35  bushels  per  acre,  which  is  an  aver- 
age for  Montana,  will  provide  a  fattening  ration  for  ten  150  to 
200  pound  hogs  for  from  40  to  45  days.  Climatic  conditions  per- 
mit of  pea  harvesting  by  pigs  even  as  late  as  December  1.  This  is 
one  of  the  easiest  fattening  methods  now  practiced  in  Montana. 
The  area  over  which  peas  can  be  grown  is  very  large  and  the  time 
of  foraging  so  extended  by  favorable  weather  that  the  product 
need  not  all  be  marketed  at  one  time.  In  order,  however,  to  make 
the  best  use  of  forage  conditions,  winter  litters  hiust  be  raised. 
Pigs  from  spring  litters  do  not  reach  a  large  consuming  capacity 
soon  enough  to  take  advantage  of  the  early  forage.  Both  late  fall 
and  early  spring  litters  should  be  raised  in  order  to  get  the  most 
out  of  the  foods  and  the  market  conditions. 

RESULTS  FROM  GLEANING  GRAIN  FIELDS. 

Enormous  quantities  of  pork  could  be  made  annually  from  the 
grains  wasted  on  stubbie  fields,  large  quantities  of  which  are  lost 
by  ^'shattering'*  under  the  arid  conditions. 
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During  a  period  of  42  days  extending  from  Oct.  4  to  Nov.  15, 
1901,  the  following  test  was  made  with  pigs  gleaning  from  grain 
stubble  from  which  crops  of  oats,  wheat,  barley  and  peas  had  been 
removed.  At  the  beginning  of  the  test  the  24  pigs  weighed  2731, 
and  at  the  close  3608  pounds.  Thus  in  42  days  24  pigs  made  an 
increase  in  live  weight  of  874  pounds,  which  amount  valued  at  5%, 
cents,  the  prevailing  price  at  the  time,  gave  a  return  of  $46.04. 
From  this  amount  $3.28  is  deducted  for  feed  during  a  few  days 
when  the  ground  was  covered  with  snow,  there  was  then  left  a 
clear  profit  of  $42.76.  The  percentage  increase  in  live  weight  was 
32.1  per  cent,  as  compared  with  19.2  per  cent,  from  lambs  and 
5.19  per  cent,  from  steers  under  the  same  conditions.  One  hundred 
and  twelve  acres  of  the  station  farm,  consisting  of  meadow  57 
acres,  and  the  balance  of  stubble,  formed  the  run  for  the  24  pigs, 
230  lambs  and  11  steers.  There  are  enormous  areas  in  Montana 
which  could  be  put  to  a  similiar  use. 

RESULTS  SECURED  FROn  FEEDING  GRAIN 
VS.  GRAIN  AND  SUGAR  BEETS. 

In  the  spring  of  1902,  two  lots  of  four  pigs  each  were  fed  for 
50  days,  one  on  exclusive  grain  ration,  the  other  receiving  both 
grain  and  sugar  beets,  with  the  following  results.  The  four  hogs 
receiving  grain  made  an  incre^ise  of  316  pounds  or  79  pounds  each, 
making  an  average  daily  gain  of  1.58  pounds.  The  cost  of  pro- 
duction per  pound  increase  with  this  lot  was  4.6  cents.  The  four 
hogs  receiving  grain  and  sugar  beets  made  an  increase  of  328 
pounds  or  82  pounds  each,  making  an  average  daily  gain  of  1.64 
pounds.  The  cost  of  production  in  this  case  was  3.8  cents  per 
pound.  The  former  lot  received  a  heavy  grain  ration  of  9.11 
pounds  each  per  day.  The  latter  consumed  6.65  pounds  of  grain 
and  4.58  pounds  of  sugar  beets  per  head  per  day.  The  financial 
outcome  of  this  test  resulted  in  a  net  profit  of  $14.12  or  33  per 
cent,  on  the  investment  in  50  davs.  Previous  tests  conducted  in 
1900  gave  the  following  results: 

Cost  of  pork  per  pound  increase  from  graia  only 13.33 

Cost  of  pork  per  pound  increase  from  grain  and  sugar  beet-^ 2.85 

1^'ood  required  per  pound  increase  from  grain  only 5.32  lbs. 

Grain  required  per  pound  increase  from  grain  and  sugar  beets,  4.26  lbs. 

Net  profit  per  head  from  feeding  grain  only $3 .80 

Net  profit  per  bead  from  feeding  grain  and  sugar  beets 2.28 

One  acre  can  be  made  to  produce  from  15  to  20  tons  of  sugar 
beets  at  a  cost  not  exceeding  $30  per  acre.    If  for  any  reason  these 
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cannot  be  grown  carrots  or  mangolds  can  be  made  to  take  their 
place.  Some  insect  pests  which  prey  upon  the  young  sugar  beets 
and  mangold  plants  will  not  harm  the  carrots.  These  roots  can 
be  fed  whole  and  raw,  at  least  expense,  with  satisfactory  results. 
The  sugar  beet  is  the  best  keeper  of  the  three. 

THE  KIND  OF  H0Q5  TO  BREED. 

Our  conditions  are  well  able  to  support  large  framed  hogs 
which  will  mature  moderately'  early.  Strength  of  bone  is  desirable 
but  not  so  necessary  as  in  some  other  regions.  The  brood  sow 
should  be  long  bodied  and  rangy  with  good  length  and  depth  of 
coupling; such  a  one  is  moresure  to  be  prolific,  a  good  mother,  and 
a  good  nurse,  than  the  chunky,  compact,  fine  boned,  strictly  lard 
type.  These  desirable  features  are  found  par  excellence  in  the  im- 
proved English  Berkshire  and  good  results  can  be  secured  from  the 
large,  rangy,  strong  types  of  Poland  Chinas.  Many  of  our  breeders 
are  making  serious  mistakes  by  breeding  immature  animals  and 
also  by  inbreeding.  Let  the  young  sow  reach  ten  or  twelve 
months  of  age  before  producing  her  first  litter,  and  then  do  not  de- 
stroy her  as  long  as  she  continues  to  produce  good  ones.  Inbreed- 
ing has  arisen  because  of  the  diflficulty  and  cost  of  importing  boars; 
injudiciously  practiced,  rapid  deterioration  of  form,  constitutional 
vigor  and  feeding  qualities  is  sure  to  ensue. 

HOQ  HOUSES. 

Various  improvised  and  inexpensive  shelters  are  being  used, 
from  the  dugout  in  the  hillside  to  the  pole  shelter  covered  with 
straw  and  the  building  made  of  logs.  While  any  of  these  may  pro- 
vide shelter  during  the  milder  portion  of  the  year,  their  use  can  in 
no  wise  prove  satisfactory  throughout.  They  are  too  apt  to  be 
dark,  damp,  filthy  and  draughty.  The  pole  structure  with  a  straw 
covering  may  be  used  as  a  temporary  shelter  or  for  sleeping  quarters 
for  feeding  hogs  during  the  milder  season,  but  for  breeding  quarters 
their  use  cannot  be  recommended.  The  log  building,  is  in  most 
common  use.  Its  greatest  fault  is  its  inability  to  retain  the  chink- 
ing-   As  a  result  the  structure  soon  becomes  open  and  draughty. 

A  properly  planned  and  well  constructed  frame  building  gives 
the  best  results;  its  use  is  almost  absolutelv  necessarv  where  win- 
ter  breeding  is  practiced.  The  building  site  should  be  high  and  dry 
so  that  surface  water  will  drain  away  at  all  times.  If  possible  the 
location  should  be  in  close  proximit}^  to  the  small  fields  which  are 
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to  produce  the  forage  crop.  If  a  natural  water  supply  can  be  di- 
verted so  as  to  pass  through  the  yards  so  much  the  better. 

It  is  desirable  that  the  hog  house  should  face  the  south,  and 
that  each  pen  should  open  into  a  small  enclosure  fenced  off,  prefer- 
ably with  wire  netting.  By  this  means  when  a  number  of  sows  are 
confined  with  young  pigs  during  the  winter  season  they  can  have 
access  to  protected,  sunny  yards. 

The  size  of  the  building  will  be  determined  by  the  number  of 
brood  sows  and  boars  to  be  kept.  As  regards  shape  a  long  nar- 
row building  is  preferable,  of  such  proportions,  for  instance,  as  16  x 
48.  In  such  a  structure  a  3%  foot  passage  way  should  run  from 
end  to  end  along  the  north  side  of  the  building,  thus  leaving  all  the 
pens  on  the  south  side.  Pens  8  x  12*4  will  furnish  room  for  a 
brood  sow  and  litter  or  several  fattening  pigs,  according  to  size. 
One  pen  of  twice  the  capacity  should  be  constructed  to  furnish 
sleeping  quarters  for  a  larger  number  of  animals,  although  an  ex- 
tra shed  could  be  constructed  cheaply  to  protect  the  animals  dur- 
ing the  pasture  season.  Each  pen  should  be  provided  with  a  small 
hinged  door  on  the  south,  and  directly  above  it  a  window.  Not 
more  than  two  windows  will  be  required  on  the  north  side.  The 
troughs  should  be  placed  directly  under  the  partition  adjoining  the 
passage  way,  and  this  partition  so  constructed  as  to  swing  from 

the  top.  In  this  w^y  the  pigs  can  be  excluded  from  the  trough 
while  the  feed  is  being  supplied.  The  swinging  partition  is  held  in 
place  by  means  of  a  slide  m  the  center  which  works  up  and  down 
thus  resting  on  either  side  of  the  trough  as  desired.  Less  food  is 
wasted  when  the  flat  bottomed  troughs  are  used.  Because  of  its 
splintery  nature  hemlock  makes  a  durable  trough,  the  pigs  not 
caring  to  chew  it. 

Concrete  overlaid  with  cement  furnishes  a  good  flooring,  its 
only  fault  being  that  it  is  cold.  This  may  be  overcome  by  over- 
laying a  small  portion  with  plank  for  a  bedding  place.  Plank 
floors  give  good  satisfaction  but  should  be  made  water  tight,  or 
else  much  filth  will  work  through  and  produce  unsanitary 
conditions. 

One  or  two  ventilators  should  extend  from  within  a  few  feet  of 
the  floor  up  through  the  roof;  in  many  cases  these  do  not  extend 
below  the  ceiling  and  as  a  result  remove  only  the  upper  warm  air, 
leaving  the  foul,  heavier  air  below.  If  necessary  to  secure  warmth 
the  inside  may  be  lined  and  the  spaces  between  the  studs  filled 
with  sawdust  or  chaft'.  The  chief  essentials  of  a  good  hog  house 
are  warmth,  sunlight,  dryness  and  good  ventilation  without  cold 
draughts. 
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FOOD  ADULTERATION. 

F.  W.  TRAPHAGEN. 


As  a  class  the  Montana  Farmers  should  be  more  deeply  interested 
Mn  the  subject  of  the  adulteration  of  food  and  in  the  remedies  for  ex- 
isting conditions,  than  any  other  group  of  citizens  of  our  common- 
wealth. The  reasons  for  the  existence  of  this  interest  are  twofold, 
namely,  because  as  producers  they  suffer  greatly  by  having  their 
food  products  come  into  competition  with  the  cheaper  spurious 
products  which  so  completely  flood  the  markets  today,  and  because 
as  consumers  they  are  constantly  buying  foods  which  are  not  true 
to  name,  but  are  either  partly  or  entirely  made  up  by  the  substitution 
of  cheaper  materials. 

Fortunately  the  stress  of  the  competition  of  low  grade  imitations 
with  our  own  farm  crops  has  not  yet  been  felt  to  any  great  extent. 
That  our  farmers  have  this  competition  to  meet  in  the  future  unless 
remedies  are  enacted  for  their  relief,  is  shown  by  the  fact  that  al- 
ready, on  a  very  small  scale,  the  manufacture  of  preserves  and  jellies 
has  been  undertaken  near  Missoula,  and  the  sale  of  these  high  grade 
goods  has  been  seriously  affected  by  the  presence  of  so  much  of  the 
cheaper  '^compounds"  which  are  so  plentiful  in  all  our  markets. 

Nature  of  Food  Adulteration. 

For  our  purpose  it  will  be  sufficient  to  divide  the  adulteration  of 
foods  into  two  groups,  first  those  which  affect  the  pocket-book,  and 
second  those  which  affect  the  health. 

In  the  first  group  we  would  place  all  cases  of  the  substitution,  in 
whole  or  in  part,  of  cheaper,  though  wholesome,  articles  for  the  one 
which  is  presumably  bought.  Examples  are  the  use  of  glucose  for 
maple  syrup,  or  for  New  Orleans  molasses,  or  its  substitution  for 
the  more  expensive  and  sweeter  sugar  which  is  used  in  the  higher 
grade  jams,  preserves  and  jellies.  Corn  meal  is  frequently  used  to 
adulterate  wheat  flour;  cotton  seed  oil,  peanut  oil  and  sesame  oil 
often  masquerade  as  olive  oil,  ground  spices  are  composed  largely 
of  ground  cocoanut  shells,  and  similar  substitutions  are  made  for 
other  fpod  materials. 

Under  the  head  of  unwholesome  adulterations  would  be  placed 
substances  which  cause  derangements  of  the  digestive  or  other  func- 
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tions  of  the  human  economy;  Examples  of  these  are  the  ground 
rock  which  was  sold  by  the  York  ^Manufacturing  Co.,  of  Greenville, 
N.  C,  in  carload  lots  for  the  adulteration  of  wheat  flour.  It  is  at 
once  apparent  that  this  material  can  have  no  nutritive  value  and  that 
it  further  must  tax  the  digestive  organs  greatly  to  effect  its  elimina- 
tion. 

We  have  been  called  a  "nation  of  dyspeptics,"  that  this  name  is 
justly  applied  is  due  to  the  fact  that  the  use  of  food  preservatives, 
which  is  prohibited  in  several  foreign  countries,  is  not  restricted  in 
this  country  except  in  the  few  states  having  effective  food  laws. 

The  case  against  these  food  preservatives  is  not  as  complete  as  it 
might  be,  but  in  the  event  of  a  reasonable  doubt  it  is  best  to  be  on 
the  safe  side.  The  food  preservatives  in  use  at  the  present  day  are 
powerful  antiseptics  and  for  that  reason  have  a  decided  restraining 
clij.:l  -jpon  digestion.  The  question  of  the  physiological  effect  of  the 
extremely  small  quantities  of  any  of  these  preservatives  that  would  be 
taken  with  food  when  the  minimum  amount  necessary  for  its  pres- 
ervation is  used,  is,  very  important.  It  is  probable  that  in  such  cases 
the  vast  majority  of  consumers  would  not  be  harmed.  On  the  other 
hand,  in  the  case  of  children  or  invalids  much  harm  might  result 
even  with  the  smallest  amounts  of  antiseptics.  Where  the  use  of 
such  drugs  as  these  preservatives  is  contra-indicated,  it  should  be  at 
least  possible  to  avoid  their  presence  in  the  foods  consumed. 

The  arguments  against  the  use  of  chemical  preservatives  apply 
with  almost  equal  force  to  the  artificial  colors  which  are  used  so  large- 
ly to  improve  the  appearance  of  inferior  goods.  The  testimony  of 
experts  on  physiolof^ical  chemistrj^  given  before  the  Committee  on 
Manufactures  of  the  United  States  Senate  in  its  investigation  of  this 
matter,  shows  the  prevailing  opinion  of  those  best  qualified  to  testify 
on  this  subject. 

A  portion  of  this  testimony  is  given  in  the  Seventh  Annual  Report 
of  the  Montana  Bureau  of  Agriculture,  Labor  and  Industry,  pages 
499 — 5^7'  «^"^  o^^'"  readers  are  referred  to  this  report. 

The  Remedy 

After  a  futile  attempt  to  secure  the  i)assage  of  a  measure  by  our 
legislature  for  the  protection  of  the  citizens  of  our  commonwealth 
we  have  reached  the  conclusion  that  the  best  wav  to  secure  relief 
is  through  the  enactment  of  a  measure  by  Congress. 

The  reason  for  this  change  of  base  on  our  part  is  primarily  because 
such  a  measure,  as  was  considered  by  our  legislature,  can  only  be- 
come effective  by  holding  our  own  dealers  responsible  for  the  charac- 
ter of  the  foods  they  offer  for  sale.  In  the  nature  of  things  we  can- 
not successfully  legislate  against  producers  or  jobbers  who  reside 
in  another  state  than  our  own.  At  the  same  time  there  is  little 
doubt  but  that  our  dealers  could  protect  themselves  by  exacting 
guarantees  from  their  supply  houses.  That  the  wholesalers 
are  willing  to  give  such  guarantees  we  have  been  assured  by  the 
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representatives  of  many  of  the  firms  doing  business  with  Montana 
retailers. 

Yet,  the  plea  that  the  innocent  (?)  Montana  merchant  would  bear 
the  burden  of  prosecution,  or  persecution,  as  some  of  the  grocery- 
men  lobbyists  chose  to  put  it,  proved  a  very  effective  argument  with 
the  members  of  the  last  Montana  House.  The  difficulties  of  the 
administration  of  such  a  law  as  was  proposed  would  have  been  great 
and  there  is  no  doubt  that  the  work  can  be  much  better  done  by  the 
Bureau  of  Chemistry  of  the  Department  of  Agriculture  at  Wash- 
ington than  by  the  individual  states.  Of  course  a  national  law  can 
only  deal  with  interstate  commerce  in  such  goods,  and  with  viola- 
tions in  the  District  of  Columbia  and  in  the  Territories,  hence  the 
states  will  have  to  take  care  of  all  such  violations  of  food  laws  as 
occur  within  their  own  limits.  This  phase  of  the  problem  need  not 
trouble  us  for  many  years,  for  so  far  as  we  know,  our  own  food 
products  thus  far  have  been  above  suspicion,  and  we  believe  will 
remain  so  for  many  years.  A  national  pure  food  measure  which 
we  believe  to  be  necessary  to  supplement  the  laws  already  in  force 
in  some  states,  and  to  afford  protection  to  citizens  of  states  having 
no  laws  on  this  subject,  would  be  a  boon  to  the  farmer  when  he  is 
considered  either  as  a  producer  or  as  a  consumer.  The  bills  before 
the  last  session  of  Congress  known  as  the  Hansbrough  Bill  in  the 
Senate,  and  the  Hepburn  in  the  House  of  Representatives,  seem  to 
be  perfectl}'  fair  in  every  respect,  and  had  the  endorsement  of  numer- 
ous organizations  which  have  no  private  "axes  to  grind." 

The  text  of  the  Brosius*  Bill  may  be  found  on  pages  489 — 492^ 
Seventh  Annual  Report  Montana  Bureau  of  Agriculture.  This  bill 
is  practically  identical  with  the  other  bills  mentioned. 

Considered  briefly  in  their  essential  details  they  place  the  adminis- 
tration of  the  law  in  the  hands  of  the  Secretary  of  Agri- 
culture, with  the  details  of  administration  given  to 
the  Bureau  of  Chemistry,  which  for  years  under 
the  lead  of  the  Chief  Chemist,  has  been  making  exhaustive  researches 
along  all  the  lines  involved  in  the  successful  enforcement  of  an  ant\- 
adulteration  law. 

There  is  no  doubt  that  there  is  no  laboratory  nor  corps  of  chemists 
so  well  fitted  for  such  work  as  that  to  be  found  in  the  Department 
of  Agriculture. 

The  bills  make  no  prohibitions,  but  simply  demand  that  articles  be 
sold  on  their  merits  for  what  they  are,  and  that  they  do  not  mascjuer- 
ade  as  something  better. 

The  correct  locality  of  production  must  appear,  so  that  a  state 
producing  a  particularly  high  grade  of  flour  or"  superfine  butter,  may  * 
not  be  robbed  of  its  honors  by  the  false  branding  of  other  flour  or 
butter,  perhaps  pure  enough,  but  still  decidedly  inferior,  and  pro- 
duced in  some  state  which  has  vet  to  make  a  record  in  these  lines. 
These  matters  are  of  immediate  concern  to  farmers. 
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The  opponents  of  these  bills  offer  arguments,  or  rather  an  argu- 
ment, which  should  disgrace  any  men.  They  protest  that  to  compel 
them  to  lable  glucose  syrup  correctly,  and  prevent  them  calling  it  ma- 
ple syrup,  is  an  infringement  of  personal  liberty  and  an  interference 
with  their  Constitutional  rights.  How  a  man  can  expose  himself  to 
the  supreme  contempt  of  his  fellow  men  by  such  an  argument,  is 
beyond  our  comprehension.  Yet  this  is  precisely  what  many  did 
in  the  public  hearing  of  the  supporters  and  opponents  of  these  bills, 
when  they  were*  before  the  respective  committees  Tiaving  them  in 
charge. 

For  the  protection  of  our  agricultural  and  horticultural  interests, 
it  would  be  well  if  the  numerous  organizations,  representing  these 
industries,  would  become  familiar  with  these  measures  now  before 
Congress,  and  would  use  their  influence  to  secure  the  passage  of  some 
suitable  bill,  such  as  the  ones  before  mentioned. 

The  Conditions  in  Montana. 

It  will  not  be  surprising  to  learn  that,  because  of  the  absence  of 
protective  measures  of  any  kind,  adulterated  food  is  common 
in  Montana. 

The  adulterations  are  of  both  kinds,  the  deleterious  and  the  fraudu- 
lent. Jams,  jellies,  preserves  and  catsups  are  found  very  generally 
colored  with  coal  tar  dyes,  and  when  this  is  done  it  is  almost  always 
an  evidence  that  it  is  simply  done  to  hide  another  adulterant,  starch 
paste,  glucose  or  other  cheap  substitutes  for  the  real  food.  When 
a  preservative  such  as  salicylic  acid  is  used,  its  presence  may  be 
assumed  to  indicate  the  presence  of  glucose,  or  some  other  more 
readily  fermentable  substitute  in  place  of  a  usual  constituent. 

As  a  matter  of  fact,  the  two  substances  just  mentioned  were  very 
commonly  found,  and  in  addition,  starch  paste  and  glucose  were 
their  frequent  companions.  In  the  case  of  catsups  the  preservative 
is  used  mainly,  not  because  of  any  substitution, 
but  because  the  catsup  is  particularly  subject  to  fermentation  on 
account  of  the  manner  of  using  this  condiment. 

Vinegar  was  usually  found  sufficiently  sour  to  pass  muster  in  any 
place  but  its  origin  was  frequently  doubtful,  and  rarely  was  it  made 
from  apple  juice. 

To  show  how  efTcctive  a  national  law  may  prove,  it  is  only  neces- 
sary to  mention  our  experience  in  seeking  oleomargarine  in  the 
Montana  markets.  While  it  is  known  that  it  is  bought  in  the  origi- 
nal packages  for  sheep  camps,  and  possibly  for  grading  crews,  and 
in  a  few  other  cases,  we  suspected  it  might  be  on  sale  on  the  open 
market  as  butter.  We  were  assured  by  the  collector  of  internal 
revenue  that  none  was  retailed  in  Montana,  but  we  wished  to  deter- 
mine for  ourselves  how  true  this  statement  was.  With  this  end  in 
view  we  hired  a  small  boy  to  buy  for  us  in  many  stores  the  cheap- 
est butter  offered  for  sale.  To  our  great  surprise,  while  of  course  the 
samples  were  not  the  highest  grade  of  butter,  yet  not  one  of  the  whole 
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lot  was  anything  but  butter.  There  was  no  evidence  of  the  presence 
of  lard  or  oleomargarine  in  any  one  of  the  samples. 

Jams,  Jellies  and  Preserves. 

Probably  no  class  of  food  materials  is  more  generally  adulterated 
than  the  jams,  jellies  and  preserves.  It  is  possible  to  get  samples 
purporting  to  be  one  of  these  preserved  fruit  products  which  contains 
no  fruit  whatever.  We  have  found  samples  in  this  state  which  con- 
p  tained  glucose,  starch  paste,  salicylic  acid,  a  coal  tar  dye  and  some 

seeds  which  are  likely  the  seeds  of  grass  rather  than  of  fruit.  This, 
comprised  the  contents  of  one  of  the  jars  of  jam  which  we  examined. 
In  another  series  of  jams  there  was  a  small  amount  of  fruit  in  such 
condition  as  would  allow  of  its  easy  recognition,  but  the  great  mass 
of  the  jam  was  made  up  of  glucose  syrup  and  starch  paste,  with  a 
considerable  amount  of  salicylic  acid  added  to  prevent  fermentation. 

See  table  of  analysis  on  following  pages. 

Canned  Soups. 

In  general,  very  little  adulteration  was  found  to  be  present  in  the 
canned  soups  examined.  However,  this  is  true  of  all  the  samples, 
that  a  dilution  to  the  extent  indicated  on  the  label  made  an  extremely 
'''thin"  soup,  and  at  best  the  food  values  so  obtained  were  extremely 
•expensive.  As  a  convenient  and  easily  prepared  food,  these  soups 
furnish  an  article  that  is  all  that  could  be  desired,  but  as  a  part  of 
an  economical  dietary  they  have  no  place. 

See  table  of  analysis  on  following  pages. 

Tomato  Catsups. 

It  is  doubtful  if  any  article  of  diet  so  generally  contains  preserva- 
tives as  do  tomato  catsups.  The  addition  of  preservatives  to  this 
class  of  foods  becomes  necessary  because  the  article  is  not  entirely 
used  up  as  soon  as  opened,  but  may  be'  placed  upon  the  t^ble  day 
after  day,  and  a  little  used  at  a  time.  The  preservatives  used  most 
commonly  are  salicylic  acid  and  benzoic  acid,  but  others  are  occa- 
sionally used. 
^  See  table  of  analysis  on  following  pages. 

Cream  of  Tartar. 

To  make  use  of  a  form  of  expression  commonly  known  as  the 

^  Irish  bull,  many  of  the  cream  of  tartars  on  sale  in  our  state  are 

something  else;  that  is  they  contain  no  cream  of  tartar  whatever. 

This  is  a  condition  that  would  be  remedied  by  the  operation  of  such 

a  law  as  is  comprised  in  the  Brosius  bill. 

In  many  instances  our  merchants  know  what  they  are  purchasing, 
and  yet  they  sell  these  inferior  goods  under  false  names,  and  for 
better  materials;  the  price  however,  is  not  lower.  These  so-called 
cream  of  tartars  are  what  are  known  in  the  trade  as  "C.  T.  S."  That 
is,  cream  of  tartar  substitute,  an  article  made  up  of  burnt  alum, 
or  acid  calcium  phosphate,  or  some  other  cheap  acid  constituent  to 
take  the  place  of  the  higher  priced  cream  of  tartar.      Usually  starch. 
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gyj)sum  or  some  other  worthless  filler  is  added  in  addition. 

One  of  the  retailers  told  me  he  knew  the  sample  I  had  just  secured 
of  him  was  not  cream  of  tartar,  yet  he  did  not  hestitate  to  sell  it 
under  a  false  name.  In  many  respects  some  of  our  retailers  are  not 
more  honest  than  the  wholesaler  who  supplies  their  goods. 

Baking  Powder. 

Four  years  ago  when  these  investigations  were  undertaken  for 
the  first  time,  a  very  considerable  number  of  low-grade  baking 
powders  were  on  the  market.  This  year  we  have  found  a  decided 
improvement,  for  not  only  have  many  of  the  lower  grades  disappear- 
ed from  the  state,  but  in  addition  there  has  been  a  decided  im- 
provement in  the  better  grades. 

The  value  of  baking  powder  is  primarily  determined  by  the 
amount  of  gas  eliminated  by  it  under  the  conditions  associated  with 
the  kneading  and  baking  of  bread.  There  is  another  condition,, 
however,  which  is  very  important,  and  that  is  as  to  how  the  residues 
from  the  baking  powders  exist  in  the  bread,  and  what  the  effect  of 
such  compounds  is  upon  the  human  system.  In  making  bread  with 
yeast  the  principal  products  of  the  action  of  the  veast  plant  are 
the  gas  and  the  alcohol, the  latter  of  which  is  entirely  dissipated  during 
the  baking. 

Cream  of  tartar  baking  powders  leave  in  the  bread  the  double 
tartrate  of  sodium  and  potassium,  which  is  commonly  known  as 
Rochelle  salt,  so  frequently  used  as  a  laxative.  The  phosphate 
powders  are  changed  during  the  *bread-making  process  into  phos- 
phates of  calcium  and  sodium,  neither  of  which  may  be  considered 
harmful,  and  which  may  even  have  an  important  function  in  bone 
and  tissue  formation. 

Of  another  type  of  baking  powders,  and  of  still  another  to  a  less 
degree,  one  cannot  be  quite  so  confident  of  the  harmlessness  of  the 
residual  materials.  These  are  the  alum  and  the  alum  phosphate 
powders.  It  is  truq  that  only  small  amounts  of  alum  may  be  in 
a  form  capable  of  being  dissolved  by  the  digestive  fluids,  yet,  on  the 
other  hand,  we  know  of  the  harmful  effects  of  large  quantities  of 
soluble  aluminum  salts.  These  salts  have  the  power  of  interfering 
with  the  processes  of  digestion,  and  while  there  is  no  certain  knowl- 
edge that  the  small  amounts  present  in  bread  and  biscuit  made  with 
alum  baking  powders  will  produce  harm,  yet  the  preponderance 
of  opinion  of  experts  is  unfavorable  to  their  use. 

See  table  of  analysis  on  following  pages. 

Vinegar. 

It  is  a  fact  that  most  of  our  citizens  pay  little  attention  to  the 
nature  of  the  vinegar  they  use.  Vinegar  is  usually  purchased  not 
only  as  a  material  for  rendering  other  foods  sour,  but  quite  as  much 
for  the  fine  flavor  possessed  by  the  better  grades.  In  this  country 
preference  is  generally  given  to  the  vinegar  made  from  apple  cider^ 
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and  it  is  supposed  that  such  vinegar  is  what  we  usually  get  in  stores^ 
So  highly  esteemed  is  the  cider  vinegar  that  it  commands  a  distinctly 
higher  price,  and  vinegars  from  other  sources  are  made  to  imitate  it 
as  nearly  as  possible. 

But  on  inquiry  in  this  state  it  developed,  to  our  great  surprise,, 
that  to  the  ordinary  consumer  vinegar  was  vinegar,  no  matter  what 
its  source,  and  that  there  was  very  rarely  a  call  for  a  cider  vinegar 
as  such.  As  a  matter  of  fact,  there  is  little  pure  cider  vinegar  on  sale 
in  this  state,  but  much  imitation  cider  vinegar  is  sold  in  its  stead. 
So  far  as  the  strength  of  the  vinegars  is  concerned,  there  is  little 
to  complain  of,  the  standard  of  from  4  to  5  per  cent,  acid  required  in 
other  states  being  usually  found. 

The  practice  of  one  firm  of  manufacturers  is  most  reprehensible, 
and  calls  for  severe  condemnation.  Sample  jugs  of  apple  cider  of 
excellent  quality  are  sent  out  by  Wallace  and  Gregory  Bros.,  of 
Paducah  Kentucky,  and  a  totally  different  vinegar  is  sent  in  the 
large  packages,  even  though  the  same  quality  was  promised  the 
retailer.  This  was  the  experience  of  at  least  one  of  our  retail  grocers,, 
the  Gary  Bros.,  of  Bozeman. 

The  Use  of  Preservatives. 

The  question  of  the  continued  use  of  the  small  quantities  of  anti- 
septics which  are  present  in  so  many  foods  is  an  important  one. 
There  is  no  doubt  that  these  antiseptics  prevent,  to  a  greater  or  less 
degree,  the  digestion  of  foods,  and  anything  that  hinders  digestion 
is  hardly  desirable  in  food.  It  is  entirely  likely  that  a  strong 
person  may  use  repeatedly  food  containing  such  adulterants,  but  if 
so  it  is  because  his  powers  of  digestion  are  sufficiently  great  to  over- 
come their  inhibitory  effect.  With  persons  of  weak  digestive  power, 
foods  so  preserved  can  hardly  prove  other  than  harmful.  On  the 
whole,  it  seems  only  fair  that  we  should  know  exactly  what  we  are 
eating,  and  that  we  should  be  in  a  position  to  avoid  that  which  is 
harmful.  In  this  connection  the  testimony  given  before 
the  Senate  Committee  on  Manufactures  is  pertinent  to  the  discus- 
sion.    This  will  be  found  in  the  report  previously  referred  to. 

Occurrence  of  Salicylic  Acid  in  Fruits. 

For  the  past  twelve  months  or  more  tests  for  Salicylic  acid  in 
fresh  fruits  have  been  carried  on  in  the  laboratory  of  the  Montana 
Experiment  Station  with  the  result  of  showing  its  almost  constant 
presence  in  extremely  small  quantity. 

So  far  as  we  know  the  only  similar  work  has  been  done  by  Portes 
and  Desmouliere  (Journal  cle  Pharmacie  et  de  Chimie,  t,  XIV,  p. 
342)  who  report  its  presence  to  the  extent  of  a  milligram  to  the  kilo- 
gram of  strawberries. 

Desmouliere  in  his  Doctorate  Thesis  in  the  Universite  de  Paris 
also  reports  its  presence  in  raspberries,  mulberries  and  liquorice 
root.     (Journal  de  Parmacie  et  de  Chimie,  t.  16,  p.  86).     This  so 
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far  as  we  know  covers  all  the  work  done  outside  this  laboratory  on 
fresh  fruit. 

It  is  probable  that  the  acid  is  present  as  the  methyl  salt,  which 
is  well  known  in  the  oil  of  wintergreen,  though  we  have  not  yet 
taken,  steps  to  prove  this. 

Among  the  fruits  from  which  we  have  obtained  the  salicylic  acid 
reaction  are  the  following:  strawberries,  raspberries  both  red  and 
"blackj  blackberries,  currants,  plums,  black  cherries,  apricots,  peaches 
Concord  grapes,  crab  apples,  standard  apples,  quinces  and  oranges. 

In  a  few  instances  we  have  made  this  work  quantitative  with  the 
following  results : 

Currants  0.57  mgms.  acid  per  kilo  of  fruit. 
Cherries  0.46  mgms.  acid  per  kilo  of  fruit. 
Plums    0.28  mgms.  acid  per  kilo  of  fruit. 
Crab  apples  0.24  mgms.  acid  per  kilo  of  fruit. 
Grapes  0.32  mgms.  acid  per  kilo  of  fruit. 

These  values,  however,  are  not  absolute  but  only  comparative 
and  represent  the  amount  we  have  succeeded  in  extracting  in  each 
case.  We  distilled  the  fruit  with  phosphoric  acid,  extracted  the 
distillate  with  ether,  took  up  with  a  small  amount  of  water  and 
applied  the  ferric  chloride  test  after  the  ether  had  evaporated. 
Check  analyses  were  made  with  known  amounts  of  salicylic  acid  and 
showed  that  not  nearly  all  the  acid  was  extracted  by  this  method. 

We  have  also  foimd  the  salicylic  acid  reaction  to  be  given  by 
tomatoes,  cauliflower  and  string  beans. 

It  seems  to  us  that  the  bearing  of  this  work  is  very  important, 
particularly  as  regards  the  investigations  of  food  chemists.  While 
these  very  small  quantities  may  not  react  to  the  tests  for  salicylic 
acid  as  usually  applied,  especially  in  view  of  the  small  amount  of 
material  generally  worked  upon,  25  grams,  yet  a  knowledge  of  its 
wide  spread  distribution  may  save  reporting  on  occasion  materials 
as  adulterated  to  which  salicylic  acid  has  not  been  added.  Know- 
ing that  salicylic  acid  may  occur  in  many  of  the  substances  either 
a  quantitative  determination  will  be  necessary  in  each  case  or  it  will 
be  well  to  report  only  on  strong  reactions. 

We  were  led  to  this  investigation  by  the  protest  of  a  well-known 
reputable  firm  in  whose  currant  jelly  we  reported  salicylic  acid  but 
which  was  present  in  apparently  no  greater  quantity  than  we  have 
since  found  it  in  the  fresh  currants.  A  similar  experience  was  had 
lately  in  one  of  the  state  laboratories  for  food  control. 

In  addition  to  the  above  work  we  are  also  studying  the  distribu- 
tion of  benzoic  acid  in  fruit  and  vegetables  and  hope  to  be  able  to 
publish  our  results  within  the  year. 

My  thanks  are  especially  due  to  Mr.  Edmund  Burke,  assistant 
chemist,  upon  whom  most  of  the  analytical  work  fell,  and  also  to 
Mr.  Irvin  Cockrill,  who,  while  a  post-graduate  student,  carried  on 
the  work  upon  the  vinegars  and  baking  powders. 
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ANALYSIS    OF   TOMATO  CATSUPS. 


0 


Name  of  Brand. 


1257 
1269 
1363 
1365 

1366 
1367 
1368 
1559 
1507 

1558 
1508 
1494 
1746 
1977 
1979 


Snider's  Home-made  Catsup 

Priscilla   '. 

Blue  Label    

Tart    Tom&to    Caltsup,    Standard 

Brand    

Favorite  Brand  Tomato  Catsup. . 
Shrewsbury  Puree  of  Tomatoes.. 
Eagle  Brand  Tomato   Ketchup. . 

Sunny  Side  Ketchup   

Ehctra    Tomato    Catsup    Monarch 

Brand    

Standard  Tomato  Catsup  

Bayle's  Tomato  Catsup 

Sweet  Spiced   

Old  Virginia  Ketchup 

Nail   City   Catsup    

Heinz   Tomato   Ketchup 


Name  of  Manufacturer. 


T.  A.  Snider  Preserve  Co 

Franklin  MacVeagh  &  Co 

Curtice  Brothers  Co , 

P.  J.  Ritter  Conserve  Co 

P.  J.  Ritter  Conserve  Co 

B.  C.  Hazard  &  Co 

Kuner   Pickle  Co 

The. Tip  Top  Ketchup  Co 

Reid,  Murdoch  &  Co 

Standard  Packing  Co 

Geo.   A.  Bayle 

Gordon  &  Dilworth   

Geo.  K.  McMechen  &  Son  Co., 
The  West  Vir.  Preserving  Co, 
H.  J.  Heinz  Co 
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ANALYSIS    OF  TOMATO  CATSUPS. 


Where  Manufactured. 


Cincinnati,  O .Benzoic   acid 

Chicago,   111 Salicylic   acid. 

Rochester,    N    Y Salicylic  acid. 

Philadelphia,  Pa Benzoic   acid 

I 

Philadelphia,  Pa -  Salicylic   acid, 

Shrewsbury,  N.  J j  Salicylic  Acid. 

Denver,    Col Salicylic   acid. 

Chicago,   111 [Benzoic   acid 

Cincinnati,  O Acid  Sulphite 


St  Louis,  Mo jSalicylic   acid 

St  Louis,  Mo > .  'Acid  Sulphite 

New   York,   N.Y jBenzoic  acid 

Wheeling  ,  W.  Va jSulphite    

iSal'c  acid  and  Sulphite. 

Pittsburg,    Pa IBenzoic  acid 


Coloring  Matter 


Coal  Tar  Dye  .... 
Coal  Tar  Dye  . . . 
Coal  Tar  Dye  ...< 


Coal  Tar  Dye... 

Coal  Tar  Dye   .. 

Coal  Tar  Dye   .. 

Coal  Tar  Dye   .. 

Coal  Tar  Dye  .. 

Coal  Tar  Dye   .. 


Coal  Tar  Dye 
Coal  Tar  Dye 
Coal  Tar  Dye 


i6 
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JAMS,   JELLIES,    AND    PRESERVES,  ALL  ADULTERATED. 


r 
z 

0 


Name  of  Brand. 


1481 
1482 


Name  of  Manufacturer. 


1265;Ea€le  Jam,  Grape  Compound 

1266iEagle  Jam,  Pineapple  Compound. 
1268 'Eagle  Jam,  Raspberry  Compound 

Queen  Black  Raspberry  Jam 

Queen  Blackberry  Jam 

1483Queen   Strawberry  Jam :... 

1486Qneen  Red  Raspberry  Jam Franklin  MacVeagh  &  Co 

1487  Queen   Apricot  Jam I  Franklin  MacVeagh  &  Co 

1488  Queen  Green  Gage  Jam I  Franklin  MacVeagh  &  Co 

1489  Queei^  Currant  Jam ;  Franklin  MacVeagh  &  Co 


Anderson  Preserving  Co... 
Anderson  Preserving  Co... 
Anderson  Preserving  Co... 
Franklin  MacVeagh  &  Co 
Franklin  MacVeagh  &  Co., 
Franklin  MacVeagh  &  Co., 


Franklin  MacVeagh  &  Co.. 
Franklin  MacVeagh  &  Co. 
Franklin  MacVeagh  &  Co. . 
Franklin  MacVeagh  &  Co 
Franklin  MacVeagh  &  Co . 

Reid,  Murdoch  &  Co 

Reid,   Murdoch   &   Co 

Batavia  Preserving  Co 


14.Mn  Queeoi  Cherry  Jam 

141)1  Queoni  Peach  Jam  

1  io.-S"^'^°*  Pineapple  Jam    

i1o-  S"^'^'^'  Gooseberry  Jam •  • 

149 <  Queen  i-e^r*  jam 

1522  Extra  Grated  xT^meappi^!  '/• '. 

10.32  Pure  Fruit  Jam.  blackberry 

loo3  Genesee  Fresh  Frulv  j._^  Currant 
loSoGopher   Brand    Prese,*^    Straw- 

I     berries .... 

1615  D     &    B.    Brand, '  Bii,:^  \  Quality, 

inRTi    i^^o^^'i^^  Preserves    . .  • 

ibibD.   &   B.   Brand   Strawberry\  Pre- 

ser\'e8    . .  .\  . .  .    Dodson-Brown    Mfg. 

1617,  •Red   Currant  Jeiiy . . \    .  J  Gordon   &  Dilworth 

1618  Extra  Quality  Blackberry'  JellyV    .    Philip  J.  Ritter  Conserve 
1  r Jn  S""^'*^  ^**^"^y  Currant  Jelly. . -V  .    Philip  J. 

162U  Favorite    RranH     n^ J    n„>^ 


Foley  Bros.  &  Kelly  Mer.  Co 


Dodson-Brown    Mfg.   Co 


Co 


Ritter  Conserve 


Co. 
Co. 


orite    Brand    Compound    Cu. 


.,_ _jV 

rant  Jeljy >( Philip  J- 


Ritter  Conserve  Co, 


1621^Favorite  Brand  Compound  Straw  ,,  ,  ^,,,      ^ 

ben-y  Jelly  Flavor  Ps Philip  J-  Ratter  Conserve 

i^If  P^a^^^k  Bi-and   Peach  Jam:.'::!.'    iVranKlia  MacVeagh  &  Co 

-2/0  Peacock  Brand   Blackberry  Jam.  'l^iVankHn  MacVeagh  &  Co 

0077  o^^"*^'!"  Brand  Cherry  Jam 1  FranWlfn 

.^:;II  ^^^^«S^  Brand  Pineapple  Jam. .  '  lYank^'i^ 
r>.>^o  ^^^^^^^  Brand  Quince  Jam. ...  j  FrankliA  ' 
-2^9    Peacock  Brand  Black  Raspberry 

.     "^^^    Franklin 


Co 


MacVeagh  &  Co 
MacVeagh  &  Co 
MacVeagh  &  Co 


\facVeagh  &  Co 


2280  Peacock   Brand     Rod     Raspberry' 

Jam    |F*rankliu  MacY 'Vagh  &  Co 

1281  Peacock    Brand    Apricot   Brand..    Franklin  MacV\ -agh  &  ^^ 


,i*R?^^^^^u   ^"^^  5  ®°^^"  quantity  of    Salicylic  acid  which 
tigatlons    have    shown    was    probably  normally    present    fn 
used  and   which   could  not  be  consilered    an    adulterant. 


'bsequent  inves- 
fresh   fruit 
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JAMS,   JE5LLIBS,   AND    PRES  ERVES,  ALL  ADULTERATED. 


Where 
Mantafactured. 


Camden,  N.  J. . . . 
Camden,  N.  J. . . . 

Camden,  N.  J 

Chicago,  111 

Chicago,  111 

Chicago,  111 

Chicago,  111 

Chicago,  111 

Chicago,  111 

Chicago,  111 

Chicago,  111 

Chicago,  111 

Chicago,  111 

Chicago,  111 

Chicago^  111 

Chicago,  111 

Chicago,  111 


Preservative. 


Genesee  Co.  N.  ^ 


St.  Paul,   Minn..  Salicylic  acid 


Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 


acid 

acid. 

add. 

acid . 

acid. 

acid. 

acid. 

acid. 

acid. 

acid . 

acid 

acid. 

acid. 

acid. 

acid. 

acid 

acid 

acid 


Bt,  Louis,   Mo... 


Salicylic  acid 


St.   Louis,   Mo. . . 

New  York 

Philadelphia 'Salicylic  acid. 

...  Salicylic  acid. 


Salicylic  acid. 
Salicylic  acid. 


Philadelphia. 

Philadelphia. 

Philadelphia. 
Chicago,  111. 
Chicago,  111. 


Chicago,  111 

Chicago,  111 

Chicago,  111 

Chicago,  111 


Chicago,  IlL 
Chicago,  111 


Coloring  Matter. 


Other  Adulterants 


Coal  Tar  Dye. . . 
Coal  Tar  Dye. . . 


SulpMte. 
Sulphite. 


Starch  Paste  and  Glucose 

Starch  Paste  and  Glucose. 

Starch  Paste  and  Glucose. 

Glucose   

Coal  Tar  Dye. . .   Glucose    

Coal  Tar  Dye [Starch  Paste  and  Glucose. 

Starch  Paste  and  Glucose 

Glucose    

Glucose    

Starch  Paste  and  Glucose. 

Glucose    


Coal  Tar  Dye. . . 


Coal  Tar  Dye. 


Glucose 
Glucose 
Glucose 
Glucose 


Starch  Paste  and  Glucose. 


Salicylic  acid. 

Salicylic  acid. 

Sulphite 

Salicylic  acid 
and  Sulphite. 

Sulphiite 

Sulphite 

Sulphite 


Sulphite  and.. 
Salicylic  acid. . 


Coal  Tar  Dye. . . 

Coal  Tar  Dye. . . 
Coal  Tar  Dye. . . 


•  • 


Starch  Paste. 

Starch  Paste. 

Starch  Paste. 

Starch  Paste. 

Starch  Paste. 

Starch  Paste 


Starch  Paste, 
Starch  Paste. 


^ 


i6 


MONTANA   EXPERIMENT   STATION. 


.JAMS,   JELLIES,   AND   PRESERVES,  ALL  ADULTERATED. 


r 


0 


Name  of  Brand. 


1265  Eagle  Jam,  Grape  Compound 

1266  Eagle  Jam,  Pineapple  Compound. 
1268  Eagle  Jam,  Raspberry  Compound 

1481  Queen  Black  Raspberry  Jam. . . . 

1482  Queen  Blackberry  Jam 

1483Queen   Strawberry  Jam 

1486|Queen  Red  Raspberry  Jam 

1487!Queen   Apricot  Jam 

1488iQueen  Green  Gage  Jam 

1489;Queen.  Currant  Jam 

1490fQueen  Cherry  Jam 

1491  Queen  Peach  Jam  

1495;Queen   Pineapple  Jam   

1496;Queenk<GrOoseberry  Jam 

1497;Queen  Pear  Jam 

152  2!  Extra  Grated  Pineapple 

1552|Pure  Fruit  Jam,  Blackberry 

1553  Genesee  Fresh  Fruit  Jam,  Currant 
1585  Gopher   Brand   Preserved    Straw- 
berries   

1615  D.  &  B.  Brand,  Extra  Quality, 
I     Raspberry  Preserves    

1616[D.  &  B.  Brand  Strawberry  Pre- 
serves 

1617'  •Red   Currant  Jeliy    !.!!.!..'!!. 

1618  Extra  Quality  Blackberry  Jelly. . 

1619  Extra  Quality  Currant  Jelly...;. 
16  20 1  Favorite    Brand    Compound    Cur- 
rant Jelly 

1621'Favorite  Brand  Compound  Straw- 
berry Jelly   Flavor   

2274  Peacock  Brand  Peach  Jam 

2275  Peacock   Brand   Blackberry  Jam. 


Name  of  Manufacturer. 


Anderson  Preserving  Co . . . 
Anderson  Preserving  Co. . . 
Anderson  Preserving  Co . . . 
Franklin  MacVeagh  &  Co. 
Franklin  MacVeagh  &  Co . . 
Franklin  MacVeagh  &  Co.. 
Franklin  MacVeagh  &  Co. . 
Franklin  MacVeagh  &  Co . . 
Franklin  MacVeagh  &  Co.. 
Franklin  MacVeagh  &  Co., 
Franklin  MacVeagh  &  Co.. 
Franklin  MacVeagh  &  Co. 
Franklin  MacVeagh  &  Co., 
Franklin  MacVeagh  &  Co, 
Franklin  MacVeagh  &  Co. , 

Reid,  Murdoch  &  Co 

Reid,   Murdoch   &   Co 

Batavia  Preserving  Co 


Foley  Bros.  &  Kelly  Mer.  Co 
Dodson-Brown    Mfg.    Co 


Dodson-Brown    Mfg.    Co 

Gordon   &   Dilworth '. 

Philip  J.  Ritter  Conserve  Co 

Philip  J.  Ritter  Conserve  Co 


Philip  J.  Ritter  Conserve  Co 


Philip  J.  Ritter  Conserve  Co 

Franklin  MacVeagh  &  Co 

I'lianklin  MacVeagh  &  Co... 


Franf?lin  MacVeagh  &  Co 
FrankTJLn  MacVeagh  &  Co 


2276  Peacof  k  Brand  Cherry  Jam 

2277  Peacock   Brand    Pineapple  Jam.. 

227S  Peacock    Brand    Quince   Jam Frankliii  MacVeagh  &  Co 

2279;  Peacock  Brand  Black  Raspberry 

Jam    Franklin  iVIacVeagh  &  Co 


2280  Peacock  Brand     Red     Raspberry 
'     Jam    

2281  Peacock   Brand    Apricot   Brand.. 


Franklin  Mac-Veagh  &  Co 
Franklin  MacV'^jagh  &  Co 


♦Contains  only  a  small  quantity  of  Salicylic  acid  which  subsequent  inves- 
tigations have  shown  was  probably  normally  present  in  t»e  fresh  fruit 
used  and   which   could   not  be  considered    an    adulterant.  ^ , 
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JAMS,   JE3LLIBS,   AND   PRES  ERVES,  ALL  ADULTERATED. 


Where 
Manafactu  red . 


Camden, 
Camden, 
Camdeoi, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Chicago, 
Genesee 


XN«       •!•  a    «    ■ 

XN  ■    ti  •  B  •  • 

XNa       (I  «  •    •    « 

111 

Ill 

Ill 

111. 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

Ill 

111...... 

Ill 

Ill 

Co.  N.  ^ 


St.  Paul,   Minn.. 

Bt,  Louis,   Mo . . . 

St.   Louis,   Mo. . . 

New  York 

Philadelphia 

Philadelphia 


Preservative. 


Salicylic 
Salicylic 
Sali'^ylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
Salicylic 
SaliQylic 


acid 

acid. 

acid. 

acid . 

actd. 

acid. 

acid. 

acid. 

acid. 

acid. 

acid 

acid. 

acid. 

acid. 

acid. 

acid 

acid 

acid 


Philadelphia. 

Philadelphia, 
Chicago,  111. 
Chicago,  111. 


Chicago,  111 
Chicago,  111. 
Chicago,  111 

Chicago,  111. 


Salicylic  acid  , 
Salicylic  acid 


Salicylic  acid. 

Salicylic  acid. 

Salicylic  acid. 

Salicylic  acid. 


Salicylic  acid 


Chicago,  111. 
Chicago,  111. 


Coloring  Matter. 


Other  Adulterants 


Coal  Tar  Dye. . . 
Coal  Tar  Dye. . . 


Coal  Tar  Dye. . . 
Coal  Tar  Dye. . . 
Coal  Tar  Dye. . . 


Starch  Paste  and  Glucose 
Starch  Paste  and  Glucose. 
Starch  Paste  and  Glucose. 

Glucose    

Glucose    

Starch  Paste  and  Glucose. 
Starch  Paste  and  Glucose 

Glucose    

Glucose    

Starch  Paste  and  Glucose. 

Glucose    

Glucose 

Glucose    

Glucose    

Glucose    


Coal  Tar  Dye. 


Salicylic  acid. 

Sulphite 

Salicylic  acid 
and  Sulphite. . 

Sulph;ite 

Sulphite 

Sulphite 

Sulphite  and. . 
Salicylic  acid. . 


Coal  Tar  Dye. . . 


SulpMte. 
Sulphite, 


Coal  Tar  Dye. . . 


Coal  Tar  Dye... 


Starch  Paste  and  Glucose. 


•  • 


Starch  Paste. 

Starch  Paste. 

Starch  Paste. 

Starch  Paste. 

Starch  Paste. 

Starch  Paste 


Starch  Paste. 
Starch  Paste. 


'm 


i8 
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MONTANA  EXPERIMENT   STATION. 


ANALYSIS  OF  VINEGARS. 


0 


Manufacturer. 


Place  of 
Manufacture, 


1623 
1624 
1625 
"1626 
1627 
1628 
1629 
1630 
1631 
1632 
1633 
1634 
1635 
1636 
1637 
1638 
1639 
1640 
1641 
1642 
1643 
1644 
1645 
1646 
1647 
1648 
1649 


F.  C.  Johnson 

F.  C.  Johnson 

F.  C.  Johnson 

F.  C.  Johnson 

H.  J.  Heinz  &  Co 

Smith  Refining  Works. 
Smith  Refining  Works. 

A.    Steinhorst 

Could  not  obtain 

Sour  Cider 

Cross  &  Blackwell 

Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Witllace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 
Wallace  &  Gregory  Bros. 

F.  C.  Johnson 

Wallace  &  Gregory  Bros. 
(Sample  Jiigs) 


c 

O 
'A 


n 

0 
3. 

ft 


Si 


Kishwaukee,  111. . 
Kishwaukee,  111. . 
Kishwaukee,  111 . . 
Kishwaukee,  111. . 
Pittsburg,  Pa — 
Council  Bluffs,  la 
Council  Bluffs,  la 
Kansas  City,  Kas 
Did  not  know    . 
[Helena.  .Mont. 
Vienna  and    Phila 
Paducah,Ky.    . . 
Paducah,Ky.     . . 
Paducah,Ky.     .. 
Paducah,Ky.    . . 
Paducah,Ky.    . . 
Paducah,Ky .     . . 
Paduach,Ky.     .. 
Paducah,Ky.    . . 
Paducah,Ky.    .. 
Paducah,Ky.    .. 
Paducah,Ky .     . . 
Paducah,Ky.    .. 
Baducah,Ky .    . . 
Paducah,Ky .    . . 
Kishwaukee,   111 

fPaducah,Ky.    .. 


None. 
Trace 
None. 
Trace 
Trace 
None. 
None. 
Trace 

None. 

None. 
1.80|Trace 

None. 

None. 

None. 

None . 

Trace 

None. 

None. 

Trace 
.50|Trace 

Trace 

None. 

None. 

None. 

None. 

None. 

[Trace 


None. 

None. 

Trace 

None. 

Trace 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None, 

None. 

None. 

Trace 

None. 

None. 

None. 

None. 

None. 

None. 

None. 


k' 


one. . .  • 
None. . . . 
None.... 
None. . . . 
None. . . . 
CarameL 
Caramel. 
Caramel. 
Caramel. 
I  None... . 
Caramel. 
Caramel. 
Caramel. 
Caramel. 
Caramel. 
CarameL 
Caramel. 
Caramel. 
Caramel. 
CarameL 
CarameL 
CarameL 
CarameL 
None. . . . 
None. . . . 
None. . .  • 

None. . . . 


♦Refused. 
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ANALYSIS  OP  VINEGARS. 


1.9 

2.92 

2.23 

2.90 

.16 

.351 

.88 

.26 

.23 

2.78 

3.05 

.39 

.169 

.38 

.33 

.27 

.239 

.176 

l.Ot) 

.68 

.306 

.25 

.19 

.21 

.14 

1.47 

2.30 


3 


.258 

.46 

.26 

.44 

.039 

.021 

.052 

.065 

.055 

.46 

.28 

.035 

.038 

.063 

.068 

.075 

.018 


Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 
Alk. 


.014|Alk. 
.23  lAlk. 
.29    Alk. 


.054 
.029 


Alk. 
Alk. 


.021 'Alk. 


.017 
.027 
.50 

.32 


Alk. 
Alk. 
Alk. 


Flame. 


Sold  as— 


lis 

•    n  a 


Remarks. 


Pot. 
Pot. 
Pot. 
Pot. 
Pot. 
Pot. 
Pot 
Pot. 
Pot. 
Pot. 
Pbt. 
Pot. 
Pot. 
Pot. 
Pot. 
Pot. 
Pot. 
Pot. 
Pot. 
Pot. 
Pot. 
Pot. 
Pot. 
Pdt. 
Pot. 
Pot. 


&Sod. 
&Soid. 
&Sod. 
&Sod. 
&Sod. 

&Sod. 
&Soid. 
&Sod. 
&Sod. 
&Sod. 
&Sod. 
&Sod. 
&Sod. 
&Sod. 
&Sod. 
&Sod. 
&Sod. 
&Sod. 
&Sod. 
&Sod. 


Cider  Vln.... 
Ap.  Cider  Vin. 

Cider  Vln 

Cider  Vin 

Pickling  Vin.. 

Qommx>a  Vin 

Weakened  Vin 

Cider  Vin 

Cider  Vin«. .... 

Not  Sold 

Malt 

Cider  Vin 

Cider  Vin 

Cider  Vin 

Cider  Vln 

Cider  Vln 

Cider  Vin 

Cider  Vin 

Cider  Vin 

Cider  Vin 

Ap.  Cider  Vini 
Ap.  Cider  Vinil 
Ap.  Cider  Vinij 
White  WIneV.; 
White  Wine V.l 
Ap.  Cider  Vini 


5.55  Is  an  apple  cider  vinegar. 

5.15|  Is  an  apple  cider  vinegar. 

3.20 

5.55 

5.45 

8.00 

4.75 

6.50 

3.67 


Is  diluted  apple  cider  vinegar. 

Is  an  apple  cider  vinegar 

Is  a  malt  vinegar 

Probably  an  acid  vinegar 

Probably  an  acid  vinegar 

Probably  a  malt  vinegar 

Probably  a  malt  vinegar 


1.40 1  An  apple  cider  vinegar. 

4.95 

7.88 

2.35|  Without  doubt 

4.90:Without  doubt 


Sold  in  qt.  bot.  pure  malt  vin. 
Without  doubt  a  malt  vinegar. 


a 
a 

9.00  Without  doubt  a 
5.20  Without  doubt  a 
7.25|without  doubt  a 
4.47iWithout  doubt  a 
4.70|Without  doubt  a 

a 
a 
a 
a 


3.82 
4.47 
4.65 
5.20 


Without  doubt 

Without  doubt 

Without  doubt 

Without  doubt 
8.90  Probably  made  from  glucose. 
4.1 21  Probably  made  from  glucose. 
5.62  An  apple  cider  vinegar 


malt  vinegar, 
malt  vinegar, 
malt  vinegar, 
malt  vinegar, 
malt  vinegar, 
malt  vinegar, 
malt  vinegar, 
malt  vinegar, 
malt  vinegar, 
malt  vinegar, 
malt  vinegar. 


Alk.IPot I  Ap.  Cider  Vini    4.62IAn  apple  cider  vinegar. 
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SKeep  Feeding  in  Montana 


By  R.  S.  SHAV^. 


The  ap:ricultural  conditions  in  Montana  have  now  reached  tliat 
stage  of  development  whereby  the  state  can  rival  the  greatest  fecnling 
states  of  the  Union,  for  within  our  own  borders  are  to  be  found  the 
sheep,  hay,  grain,  water,  climatic  (conditions,  and  men  of  enter- 
prise to  develop  the  industry.  Montana  now  leads  the  states  of  the 
Union  in  numbers  of  sheep,  the  census  of  liKX)  reporting  (),1TO.483 
within  her  l)orders.  Valleys,  which  ten  years  ago  produccnl  little  or  no 
hay,  except  some  timothy  or  wild  hay,  are  to-day  furnishing  thousands 
upon  thousands  of  tons  of  legumes,  especially  suited  to  th(i  fattt^ning 
of  sheep.  The  climatic  conditions  an*  such  as  to  render  the  fattening 
process  rapid  and  economical.  Sufficient  grain  can  be  produced  to 
give  the  meat  products  a  good  finish.  The  feasibility  of  shipping 
these  finished  products  to  the  gre^at  markets  has  be(m  successfully 
demonstrated 
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Suitability  of  Range  Types  of  Sheep  for  Fattening* 

The  range  sheep  was  bred  primarily  for  wool  production,  though 
during  later  years  an  attempt  has  been  made  to  improve  their  mutton 
qualities.  These  attempts  at  improvement  along  the  latter  line  will 
no  doubt  result  in  the  establishment  of  a  dual  purpose  sheep,  probably 
through  the  use  of  Rambouillet  or  Delaine  rams  on  the  native  sto<*ks. 
Experience  has  already  taught  many  of  our  sheepmen  that  the  heavy 
mutton  breeds,  such  as  the  Downs,  will  not  answer  on  the  range. 
Because,  therefore,  of  the  peculiar  range  conditions  our  feeders  will 
hav3  to  be  content  with  a  dual  type  of  sheep  rather  than  a  special 
mutton  type  for  feeding.  Tests  have  shown  that  there  is  little  differ- 
ence in  the  returns  secured  from  the  two  types.  Recent  experiments 
at  this  Station  showed  that  where  the  mutton  type  lambs  produced  100 
pounds  increase  in  live  weight  at  a  cost  of  $4.39,  requiring  8.74  pounds 
of  food  to  produce  a  pound  of  gain,  those  of  the  dual  purpose  or  range 
type  produced  100  pounds  increase  at  a  cost  of  $4.62,  requiring  9.07 
pounds  of  food  per  pound  gain.  These  figures  show  the  range  sheep 
to  be  not  far  behind  the  special  type  in  mutton  production,  while  they 
excel  them  in  wool  production  under  range  conditions. 

Profits  from  Sheep  Feeding. 

In  Station  tests  of  1900,  11.8  pounds  of  clover  were  required  to 
maintain  a  shc^ep  and  produce  one  pound  of  gain.  At  this  rate  one 
ton  of  clover  produced  169.5  poimds  of  mutton  worth  S4.68  jmr  cwt. 
This  gMV(»  a  return  of  $7.98  per  ton  of  the  clover  fed,  while  the  local 
price  was  only  §5.00  ix3r  ton  in  the  stack.  In  1900  the  nt^t  profits  per 
head  from  the  Station  fed  lambs  was  81  cents,  when  clover  was  valued  at 
$6.00  p(T  ton,  oats  at  90  cents  per  cwt.  and  damaged  wheat  at  40  cents  per 
cwt.  In  1901  a  carload  of  Station  lambs  fed  in  five  divisions  on  differ- 
ent rations,  hence  lacking  in  uniformity,  netted  a  profit  of  80  cents  per 
head  in  Chicago  when  placed  on  the  extremely  poor  market  of  March, 
1901.  In  this  case  clover  was  valued  at  $5.00  per  ton,  grain  85  cents  per 
3wt.,  and  screenings  at  55  cents  per  cwt.  In  1902  Station  fattened 
sheep  gave  the  following  profits  on  the  Chicago  market: 
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55  lambs,  net  profit  of  $95.15,  or  $1.73  per  head. 

51  one-year  wethers,  net  profit  of  $71.70,  or  $1.40  per  head. 

52  two-year  wethers,  net  profit  of  $83.44,  or  $1.57  per  head. 

53  aged  ewes,  net  profit  of  $1.00,  or  1.8  cts.  per  head. 

Clover  was  valued  at  $5.00  per  ton  and  grain  at  90  cents  per  cwt. 

Cost  of  Producing  Mutton  in  Montana. 

Where  legumes  are  used  phenomenal  results  have  been  secured  as 
regards  amount  of  food  required  to  produce  a  pound  of  mutton  and 
the  cost  of  the  same.  In  Station  tests  of  1900,  6.38  pounds  of  clover 
and  2.8  pounds  of  wheat  produce!  a  pound  of  mutton  at  3.22  cents, 
with  clover  worth  $6.00  per  ton  and  damaged  wheat  40  cents  per  cwt. 
At  the  same  time  11.8  pounds  of  clover  i)roduced  a  pound  gain,  costing 
3.54  cents,  and  6.10  pounils  of  clover  and  2.()5  pounds  of  oats  produced 
a  pound  of  gain,  costing  4.39  ccuits.  ojits  hcnng  worth  90  cents  per  cwt. 
Station  tests  of  1901  gave  th(,'  following  results: 

Cost  per    100  pounds  increase   from  clover,  barley  and  oats,  S4.34. 

Cost  per  100  pounds  increase  from  clover  and  screenings,  §3.34. 

Cost  per  100  ijounds  increase  from  clover  alone,  $3.53. 

In  Station  tests,  1902,  one  pounl  increase  was  produced  at  the 
following  cost  with  sheep  of  ditt'erent  ages,  viz.:  Lambs  4.18  cents, 
one-year  wethers  5.83  cents,  two-year  wethers  5.90  cents,  and  aged  ewes 
6.78  cents;  clover  was  worth  $5.00  per  ton  and    grain  90  cents  per  cwt. 

As  the  prices  charge!  for  foods  are  far  above^  the  cost  price,  a  sec- 
ondary profit  is  secured  from  all  the  foods  fed.  Thes(j  prices  are  far 
in  excess  of  those  charu:ed  for  fe^erl  in  eastern  trials,  where  cheap 
grains  are  secured. 

Shipping  vs.  Local  Markets. 

The  individual  feeder  should  never  rely  on  local  markets.  Their 
consuming  capacity  is  so  small  that  much  difficulty  is  experienced  in 
disposing  of  even  less  than  a  carload  lot.  In  March,  1900,  when  lambs 
were  worth  $6.50  to  87.00  per  cwt.  in  Chicago,  a  portion  of  a  carload  of 
Station   lambs   had  to  be  disposed   of  at  $4.68  per  cwt.  on  a  local 


\ 


6  MONTANA   EXPERIMENT  STATION. 


market.     The  profits  of   1901  and   1902  given  above  were  secured,  the 
former  on  the  poorc^st  and  the  latter  on  the  best  market  for  some  years.  ^ 
The  feeder  should  always  select  sheep  in  even  carload   lots  with  a  view 
of  shipping^. 

Cost  of  Shipping. 

Pat  sheep  and  cattle*  have  Iwth  been  shipptnl  from  the  Gallatin 
Valley  to  eastern  and  western  markets,  th(»  cost  being  nbout  the  same 
in  both  cases. 

In  .1901  the  cost  of  marketing  lambs  shipped  from  Bozeman  to 
Chicago,  a  distance  of  about  1,400  miles,  including  m11  expenses,  waa 
83  c^nts  per  head. 

In  1902  the  following  expensc^s  w(>re  incurred  in  marketing  sheep 
of  different  ages,  viz:  lambs  78  cents,  one-year  wethers  $1.07,  two- 
year  wethers  $1.27  and  aged  ewes  94  cents,  the  whole  lot  averaging 
$1.01  per  head.  In  this  latter  (^ise  the  cost  is  a  little  high  owing  to  a 
prolonged  stoj)-over. 

Shrinkage  in  Marketing. 

In  1901  the  shrinkage^  of  Station  Limbs  between  Bozeman  and 
Chicago  was  eight  pounds  t^ach.  Over  the  same  routes  in  1902  lambs 
shrunk  7.6  pounds,  or  H.I  per  cent.  One-year  wethers  shrunk  10.4 
pounds,  or  8.7  per  c(»nt,  two-year  wethers  shrunk  12  pounds,  or  8.5  per 
cent,  and  aged  ewi^s  shrunk  12.2  pounds,  or  11.3  per  cent.  In  both 
easels  the  sheep  w(»re  fed  in  the  morning  with  access  to  water  and. 
weighed  between  2  and  H  o'clock  p.  m.  l>efore  shipping /n  the  evening. 

Method  of  Feeding  and  Equipment. 

The  beginner  should  start  with  not  more  than  one  or  two  carloads' 
until  every  feature  of  the  business  becomes  familiar.  Excejit  in  care- 
ful hands  the  Iarg(i  enterprise  undertaken  suddenly,  without  proper 
equipment,  is  likely  to  result  in  failure. 
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Equipment. 

Small  yards  or  enclosures  are  very  essential.  Sheep  will  not  fatten 
well  when  allowed  too  much  liberty  to  roam  at  will.  The  size  of  feed- 
ing yards  will  have  to  be  determined  by  the  extent  of  the  feeding.  In 
general  the  fewer  sheep  that  are  run  together  the  better  the  results. 
The  average  farmer,  who  probably  will  not  attempt  to  feed  to  exceed 
2,000  per  year,  should  figure  on  dividing  these  uj)  in  three  or  four 
lots,  grading  them  according  to  size,  condition  and .  strength.  The 
rations  can  then  be  so  adjusted  as  to  turn  out  the  whole  band  in  uni- 
form condition  of  fatness.  It  is  very  essential  to  select  high,  dry  feed 
yards,  through  which  running  water  passes  near  one  end  if  possible. 
Some  kind  of  wire  netting  makes  good  fencing,  with  a  few  strands  of 
barbed  wire  encircling  the  top  of  the  outer  enclosure  to  i^revent  the 
access  of  dogs  or  wild  animals.  Some  form  of  shelter  should  be  pro- 
vided, thougli  the  same  may  not  be  used  more  than  a  few  days  through- 
out the  entire  season.  On  the  Station  farm  a  shed  16x64  feet  was 
found  to  be  sufficient  to  provide  shelter  for  220  sheep,  giving  each  . 
about  five  squan*  f^et  of  ground  space.  The  shed  is  eight  feet  high 
on  one  side  and  six  on  the  other;  it  is  enclosed  with  rough  lumber 
and  covered  with  an  under  layer  of  brush  and  an  ujDi^er  one  of  straw. 
Such  a  structure  provides  suitable  protection  except  in  tinu»  of  rain 
in  the  late  spring. 

A  suitable  form  of  hay  rack  is  very  essential.  Those  used  at 
the  Station  in  the  past  few  years  have  given  excellent  results.  Thc^y 
are  16  feet  long,  8^  feet  high  and  3  feet  wide.  The  bottom  board  is 
12  inches  and  the  feeding  space  above  is  8  inches  in  width.  Above 
the  feeding  space  three  1x6  inch  boards  are  used.  A  rack  of  this 
style  will  furnish  feeding  si)ace  for  thirty  lambs. 

Feeding. 

Hay  should  not  be  supplied  more  than  twice  each  day,  and  once 
may  be  preferable,  furnishing  only  that  amount  which  will  be  well 
cleaned  up.  In  case  of  very  coarse  fodder  the  rough  leavings  should 
be  removed;  if  forced  to  consume  them  the  gains  of  the  sheei?  will  be 
reduced.     Feeding  on  the  ground  is  wasteful  and  unsatisfactory. 
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Gbain.  Only  a  light  grain  ration  is  necessary  to  produce  a  good 
finish  with  the  legumes  available;  from  one-half  to  three-quarters  of 
a  pound  of  grain  per  head  per  day,  along  with  alfalfa  or  clover,  will 
be  sufficient  to  give  the  desired  finish,  if  fed  throughout  a  period 
•extending  from  seventy  to  ninety  days  The  grain  ration  should  be 
extended  throughout  the  whole  feeding  period  rather  than  the  latter 
half,  as  has  been  practiced  in  some  localities.  The  grain  may  be  sup- 
plied in  troughs  fastened  to  the  posts  enclosing  each  feed  lot.  V- 
shaped  troughs  are  desirable  to  prevent  sheep  from  jumping  up  and 
standing  in  them.  Unground  grain  will  answer  well  for  sheep  with 
sound  teeth. 

8alt.  Should  be  in  constant  supply  so  that  the  sheep  can  secure 
it  at  will. 

Gleaning   Grain  Fields, 

The  chea^x^st  and  most  rapid  ^jjains  are  secured  froili  sheep  while 
running  on  grain  and  clov(?r  stnbblt*  after  harvest  and  before  the  feed- 
ing seasoiu begins.  In  1901  225  lambs  which  iDastured  on  112  acres  of 
the  Station  farm  for  thirty  days  before  going  on  feed,  made  an  average 
increase  in  live  weight  of  9.78  pounds.  The  most  profitable  way  to 
fatten  at^ed  ewes  is  by  running  them  on  clover  and  grain  stubble  dur- 
ing th(*  entire  autumn  season. 

Comparative  Feeding  Value  of  Alfalfa,  Red  and  Alsike  Clover. 

Montana  Station  Bulletin  No.  21. 

Tlie  sheep  fet^ding  industry  of  Montana  is  based  on  the  produc- 
tion of  legumes.  Almost  without  excei^tion  every  valley  in  the  state, 
p()^s<■s^^(cl  of  water  supplies  for  irrigation,  can  be  made  to  grow  one  or 
more*  of  th(»  legumes  mentioned,  depending  uj^on  the  peculiarity  of  the 
soil,  and  soil  moisture  conditions.  Some  portions  of  the  state,  as  the 
Yellowstone  valley,  are  pre-eminently  suited  to  the  growth  of  alfalfa; 
while  in  others,  such  as  the  Gallatin,  conditions  well  suited  to  all 
three  legnmes  are  found  in  various  sections.  Because  of  the  fact  that 
these  three  crops  are  coming  into  common  use   a   test  was  made  to  de- 


MONTANA  EXPEEIMENT    STATION.  9 

termine  their  relative  values,  with  the  following  result,  as  reported  in 
Bulletin  No.  21. 

Composition  of  the  legumes  used,  furnished  from  analyses  by  Dr" 
F.  W.  Traphagen,  Station  Chemist. 

Alsike  Red  Clover  Alfalfa 

PER  CENT.        PER  CENT.  PER  CENT 

Water 6.06  5.16  5.09 

CrudeProtein 13  12.37  12.37 

Ether  Extract 3.07  5.29  4.07 

N.  Free  Extract 38.71  45.84  39.82 

Crude  Fibre 29.45  22.65  31.10 

Ash 9.72  7.55  8.79 

The  comparative  data  secured  were  as  fol] 

16  lambs  receiving  alsike  gained  405  l^unds  in  84  days.* 

16  lambs  receiving  red  clover  gained(402  pounds  in  84  dayi 

16  lambs  receiving  alfalfa  gained  877  pojinds  in  84  days. 


/" 


Alsike  clover  consumed  per  pound  increjvse,  6.ii2  Ibs.^ 

Red  clover  consumed  pt^  pound   increase   6.43   lbs.> 

Alfalfa   consumed     per     pound     incr^i^se   6.58   lbs. 

In  this  test  both  grain  and  root  rations  were  fed  along  with  the 
legumes,  in  like  manner  and  amount.  The  results  are  in  keeping  with 
the  protein  content  of  the  food  stuffs,  alsike  being  the  highest  by  .63 
of  one  per  cent.  In  those  cases  where  similar  tests  have  been  made 
in  other  states  alfalfa  has  been  reported  about  2  j)er  cent  higher  in 
protein  contents  than  the  clover.  We  conclude*  from  this  test  that  the 
feeding  values  of  the  three  legumes  are  little  different  because  of  the 
greater  yields  obtained  from  the  alfalfa,  as  compared  with  the  clovers. 
The  percentage  of  waste  resulting  from  coarse  inedible  stems  was  least 
from  the  alsike  and  greatest  from  the  alfalfa. 

Fattening  Lambs  on  Clover  with  and  without  Grain. 

Montana  Station  Bulletin  No.  27. 

Three  lots  of  twenty  lambs  each  were  fed   for  ninety  days,  one  on 
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clover  only,  the  second  on  clover  and  wheat,  and  the  third  on  clover 
and  oats.  Clover  was  worth  $6.00  per  ton,  damaged  wheat  lOc.  per 
cwt.  and  oats  90c.  per  cwt.  She  damaged  wheat  was  used  in  order  to 
compare  the  financial  result  from  expensive  and  inexpensive  grain 
rations.     The  results  were  as  follows: 

Gain  per  head  per  month  from  feeding  clover  and  wheat,      10  pounds. 

;  Gain     '*       '' '  "  '*     only,  8.1  pounds 

I  Gain     *'       '         ''  *'  "     and  oats,      10.58  pounds. 


Food  required  per  pound  gain  with  clover   and   wheat,  clover  6.88  Ibs^ 

wheat  2.8  lbs. 

Food  required  per  ix)un(l  gain  with  clover  only,  clover  11.8  lbs. 

Food  required  per  pound   gain   with   clover  and   oats,  clover  6.10  lbs. 

oats   2.6f5  lbs. 


Cost  per  100  ix)un(ls  increase  from  fee:ling  clover  and  damaged 
wheat,  $8.22. 

Cost  per  100  pounds  increase  from  feeding  clover  only,  $8.54: 

Cost  per  100  pounds  incn^ast*  from  feeding  clover  and  oats,  S4.39 

The  conclusions  drawn  were:  (1)  That  unmarketable  wheat 
fed  to  sheei>  along  with  clover  iDro<^luces  good  gains  at  low  cost.  (2) 
That  while  fairly  good  gains  can  be  secure<l  from  feeding  lambs  on 
clover  alone,  some  grain  is  re^quin^d  to  impart  a  good  finish  for  ship- 
ping. (8)  High  priced  marketable*  grains  render  the  cost  of  produc- 
tion too  great  without  increasing  the  live  weight  sufficiently  to  justify 
their  use.  (4)  Light  grain  rations  are  sufficient  where  legumes  are 
fed.  In  both  instiinces  quoted  above  only  .98  lbs.  grain  was  fed  per 
head  per  day  throughout  ninety  days 

Grain  Versus  Screenings  For  Fattening  Lambs. 

Montana  Station  Bulletin  No.  31. 

Two  lots  of  lambs  of  53  each  were   fed  for  eighty-eight  days,  one 
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on  clover  and  marketable  oats  and  barley,  the  other  on  clover  and 
second  mill  screenings.  The  clover  was  valued  at  $5.00  per  ton,  the 
mixture  of  oats  and  barley  at  85  cents  per  cwt.  and  the  screenings  at  55 
cents  per  cwt.     The  following   results   were   secured:  ' 

Gain  per  head  per  month  from  feeding  clover,  barley  and  oats,  8.5  lbs 
Gain         '*  *'  ''  "         clover  and  screenings,  9.5  lbs 


FockI  required  i)er  xxjund  gain  with  clover,  and  grain,       clover,  5.5  lbs 

grain,  1.07  lbs« 

Food  recjuired  per  pound  gain  with  clover  and  screenings, 

clover,  5  lbs. 
screenintjs,  .94  lbs. 


Cost  ix^r  100  pound?  increc'lsc?  from  feeding  clover  and  grain,  $4.34 

Cost  i)er  100  pounds  increase  from  feeding  clover  and  screenings,  $3.34 

The  results  from  feeding  clover  and  screenings  indicate  both 
greater  gain  in  live  weight  and  much  greater  (»conomy  in  production 
than  where  grains  were  used.  This  is  no  doubt  due  to  the  variety 
afforded  by  the  screenings  which   are   relished  by  the  fattening  sheex). 

Clover  Versus  Grain  Hay  for  Fattening  Lambs,  '       ^ 

Montana  Station  Bulletin  No.  31. 

Two  lots  of  lanjbs  of  bH  each  were  fed  for  60  days,  one  on  clover 
only,  the  other  on  grain  hay.  The  grain  hay  was  made  from  a  mixed 
sowing  of  spring  wlieat,  oats,  barley  and  peas  in  equal  amounts,  cut 
while  in  the  dough  stage.     Both  foods  were  valued  at  S5.00  per  ion. 

The  gain  per  head  ijer  month  from  the  clover  was  7  pounds. 

The  gain  per  head  per  month  from  the  grain  hay  was  5.34  pounds. 


The  clover  required  to  produce  a  pound  of  gain  was  14  pounds. 
The  grain  hay  required  to  i)roduce  a  pound  of  gain  was  18  pounds. 


I 
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Cost  per  100  pounds  increase  from  feeding  clover,  I^USS. 
Cost  per  100  pounds  increase  for  {eedin^  p;rain  hay,  $4.60. 


^w" 


There  was  a  large  waste  from  feeding  grain  hay  consisting  of 
coarse  cereal  stems.  We  concluded  that  it  wHs  better  suited  to  cattle 
than  sheep. 

Effect  of  Water  Supply  on  Fattening  Lambs. 

Montana  Station  Bulletin  No.  31. 

Seventeen  lambs  were  selected  and  fed  clover  and  screenings  in 
the  same  manner  as  the  pen  of  53  heretofore  described  except  that  the 
former  were  turned  to  water  but  once  a  day  while  the  latter  had  con- 
stant access  to  it. 

The  gain  per  head  per  month  from  the  lambs  with  access  to  water 
was  9.5  pounds. 

The  gain  per  head  per  month  from  the  lambs  watered  once  a  day 
was  7.15  pounds. 


Cost  of  100  pounds  increase  from  lambs  with  access  to  water,  $3.34' 

Cost  of  100  pounds  increase  from  lambs  with  restricted  water  sup- 
ply, $4.51. 


While  range  stock  may  be  ai)le  to  subsist  for  long  periods  without 
water,  these  facts  emphasize  strongly  the  urgent  necessity  for  a  con- 
stant supply  of  good  pure  water  for  the  fattening  lamb. 

Comparative  Results  from  Feeding  Lambs,  I -year  Wethers,  2- 

year  Wethers  and  Aged  Ewes. 

Montana  Station  Bulletin  No.  ZT). 

Four  lots  of  typical  iringe  i>heep  were  procured  and  fed  88  days 
The  foods,  water,  surroimdings  and  methods  of  feeding  were  the  same 
in  all  cases. 
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Prices  Paid  and  Weights  when  Test  Began* 

55  lambs,  $1.62  per  head,  average  weight  62.9  pounds. 
51  one-year  wethers,  $2.59  p3r  head,  average  weight  94.9  pounds. 
53  two-year  wethers,  $2.65  per  heal,  averao:e  weight  115.7  pounds. 
53  ewes,  12.50  per  head,  average  weight  91.6  pounds. 

Average  Amount  of  Food  Consumed  per  Head  per  Day* 

Lambs,  clover  2.05  pounds,  barley  .68  pounds,  total  2.73  pounds. 

One-year  wethers,  clover  3.77  pounds,  barley  .68  pounds,  total  4.45 
pounds. 

Two-year  wethers,  clover  4.05  pounds,  barley  .68  pounds,  total  4.73 
pounds. 

Aged  ewes,  clover  2.33  pounds,  barley  .68  pounds,  total  3.01 
pounds. 

The  total  amount  of  food  consumed  by  the  lambs  is  rather  small, 
but  their  ration  contained  a  greater  percentage  of  grain  than  those  of 
the  older  sheep. 

Relation  of  Gi'ain  to  G)arse  Food. 

The  lamb  ration  consisted  of  24  per  cent  grain. 

The  one-year  wether  ration  consisted  of  15  per  cent  grain. 

The  two-year  wether  ration  consisted  of  14  per  cent  grain. 

The  ewe  ration  consisted  of  22  per  cent  grain. 

These  differences  in  the  percentage  of  grain  were  necessary  to 
give  the  various  lots  uniform  finish  when  slaughtered.  The  heaviest 
grain  ration  was  furnished  the  lambs  to  give  their  growthy  increase 
fatness;  this  was  not  considered  so  necessary  in  the  case  of  the  more 
mature  wethers,  whose  increase  in  weight  is  largely  fat. 

Increase  in  Live  Weight  during  Eighty-Eight  Days. 

Lambs,  23.7  pounds,  percentage  increase  37.7  per  cent. 
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One-year  wethers,  23.5  pounds,  percentage  increase  24.7  per  cent. 

Two-year  wethers,  24.3  pounds,  percentage  increase  20.9  per  cent. 

Aged  ewes,  15.6  pounds,  percentage  increase  17.0  per  cent. 

The  comparative  gains  are  strikingly  brought  out  in  the  percent- 
age increase. 

Relative  Cost  of  Production. 

Lambs,  cost  per  100  pounds  increase,  $4.18. 

One-year  wethers,  cost  per  100  pounds  inctrease,  $5.83. 

Two-year  wethers,  cost  per  100  pounds  increase,  $5.90. 

Aged  ewes,  cost  per  100  pounds  increase,  $6.78. 

While  the  lamb  and  ewe  rations  contained  the  same  foods  in  about 
the  same  proportions,  the  wether  rations  contained  much  less  grain. 

Food  Required  for  Maintenance  and  per  Pound  Increase. 

» 

Lambs,  dry  food  consumed  per  pound  increase,  10.16  pounds. 

One-year  wethers,  dry  food  consumed  per  pound  increase,  16.6 
pounds. 

Two-year  wethers,  dry  food  consumed  per  pound   increase,  17.1 
pounds. 

A^(m1  ewes,  dry  food  consumed   per  jjound   increase,  17.5  pounds. 

Those  amounts  are  larger  than  they  would   have  been  had  more 
grain  hvvn  used  in  tlu»  ration  as  heretofore  indicated. 

Slaughter  Test  Report  (By  Swift  <fe  Co.). 

55  lambs,  averauc  71)  pounds,  price  >>r).80,  dress  54.2  i)er  cent. 

51  on(?-year   wethers,  a  vera  ire  108  pounds,  pric(»  85.85,  dress  52.9 
per  cent. 

53  two-year  withers,  average  12.-5  pounds    price  .?5.40,  dress  53.5 
per  cent. 
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53  ewes,  average  95  pounds,  price  $4.75,  dress  50.6  per  cent. 

"We  consider  all  of  these  sheep  a  useful  class  of  stock,  not  too 
fat,  and  they  are  dressed  about  2  per  cent  above  the  average,  coming 
to  the  Cticago  market  at  the  present  time." 

The  percentage  of  dressed  weight  is  figured  on  a  basis  of  actual 
weight  immediately  after  killing,  shrunk  3  per  cent,  which  is  about 
what  mutton  will  shrink  after  hanging  over  night. 


/' 
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ROOT  CROPS  IN  MONTANA 


By  R.  S.  SHAW 

While  root  crops  have  hitherto  been  grown  in  small  quantities 
only  in  Montana,  there  is  nevertheless  a  useful  place  for  them.  The 
old  grazing  system  and  the  more  recent  work  of  production  of  grains 
are  rapidly  giving  way  to  a  diversified  farming  as  the  cultivated  areas 
are  being  extended  and  tilled  in  a  more  progressive  manner.  Field 
roots  will  hereafter  play  aa  important  part  in  the  stock  feeding  opera- 
tions of  the  farmer,  for  even  though  it  has  been  clearly  demonstrated 
that  beets  can  be  successfully  produced  for  sugar  making,  there  are  no 
manufacturing  plants  in  the  state  to  use  them  for  this  purpose  and 
such  may  not  be  made  accessible  to  the  majority  of  farmers  in  the 
state  for  some  time  to  come.  Oar  plan,  therefore,  is  to  discuss  the 
question  from  the  stock-growers'  standpoint. 
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We  take  the  ground  that  farmers  that  are  so  situated  should  raise 
small  areas  of  roots  each  season  for  winter  feeding;  for  such  work  can 
be  conducted  on  every  farm  in  Montana  where  grain,  legumes  and 
roots  can  be  grown.  The  growth  of  large  areas  of  root  crops  is  at 
present  not  recommended  and  in  fact  should  be  discouraged  for  the 
reasons,  that  in  general  we  are  not  prepared  to  handle,  house  and  dis- 
pose of  large  crops  It  is  a  good  plan  to  start  with  from  one-half  to 
one  acre  and  this  area  can  be  enlarged  to  suit  the  demand.  Already 
some  objections  have  been  raised  against  the  growing  of  roots  in  Mon- 
tana, such  as,  high  price  of  labor  and  amount  of  work  involved  and 
lack  of  storage  facilities.  The  cost  of  production  and  many  difliculties 
pertaining  thereto  can  be  easily  overcome  by  making  use  of  the  proper 
methods  of  culture  and  harvesting  for  our  conditions;  it  is  these  we 
propose  discussing  more  fully. 

Value  and  Use  of  Root  Oops* 

Proof  has  already  been  secured  which  demonstrates  clearly  the 
usefulness  of  mangolds,  carrots,  sugar  beets,  turnips  and  rutabagas 
under  our  farm  conditions.  There  is  no  class  of  stock  kept  on  the 
ranch  during  the  winter  which  can  not  be  made  to  use  some  one,  two 
or  more  of  these  to  good  advantage.  In  most  cases  it  may  not  be  well 
to  grow  all  five  kinds,  as  some  are  better  suited  for  certain  purposes. 
The  kind  or  kinds  grown  must  be  governed  somewhat  by  the  soil  and 
climatic  conditions  and  the  class  of  live  stock  to  which  they  are  to  be 
fed.  For  the  horse,  carrots  are  pre-eminently  suitable;  for  the  dairy 
cow,  mangolds,  carrots  and  sugar  beets;  for  the  beef  steer  and  the 
sheep  all  are  suitable;  for  the  pig,  mangolds,  carrots  and  sugar  beets; 
for  the  chicken,  mangolds  only.  This  classification  of  general  utility 
is  based  upon  the  use  of  roots  in  the  raw  condition. 

The  advantages  derived  from  the  use  of  field  roots  in  feeding  live 
stock  is  due  rather  to  a  secondary  action  than  to  the  actual  amount  of 
nutriment  supplied  by  them.  During  the  winter  season  when  dry 
foods  only  are  available  they  furnish  a  succulent  adjunct  which  acts 
as  a  tonic,  stimulating  digestion,  increasing  the  flow  of  milk  and  caus- 
ing a  great  saving  in   the  more  expensive  grain  foods.     Station  tests 
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here  as  well  as  elsewhere  have  proved  that  roots  and  grain  form  a  more 
economical  ration  for  pigs  than  grain  only;  that  the  increase  in  live 
weight  is  relatively  greater,  the  cost  of  production  less  and  the  quality 
of  the  meat  of  a  higher  grade.  The  comparative  feeding  values  will 
be  discussed  in  another  publication. 

Conditions  in  Montana  are  Suited  to  Root  Oops* 

Though  the  soil  and  climatic  conditions  are  extremely  variable, 
there  is  scarcely  a  single  cultivated  portion  of  the  state  under  irriga- 
tion where  one  or  more  varieties  of  field  roots  cannot  be  grown,  from 
the  lowest  point  up  to  an  altitude  of  several  thousand  feet.  Abundant 
proof  of  this  assertion  has  been  secured  by  the  Experiment  Station  in 
regard  to  the  sugar  beet  which  has  been  almost  universally  produced 
in  the  state  with  satisfactory  results  from  a  sugar  making  standpoint; 
of  the  several  classes  of  roots  it  is  probably  the  most  difficult  to  pro- 
duce. The  mangold  cannot  be  producetl  with  br-st  results  at  high 
altitudes  where  the  growing  season  is  short;  the  greater  part  of  its 
growth  being  above  ground  with  a  sparse  covering  of  leaves  the  flesh, 
which  is  coverefl  with  a  thin  skin,  is  easily  damaged  by  early  frosts. 
If  frozen  the  roots  do  not  keep  well  during  the  winter.  The 
other  four  classes  are  not  so  readily  injured  by  frost  and  all  grow  late 
in  the  season.  In  some  sections  particularly  where  the  soil  is  clayey 
or  where  the  growth  is  retarded  by  lack  of  moisture,  both  turnips  and 
rutabagas  are  seriously  damaged  by  the  green  aphis,  the  ravages  of 
which  are  much  worse  some  seasons  than  others.  Of  the  whole  num- 
ber carrots  have  been  less  liable  to  the  ravages  of  insect  pests,  though 
mangolds  and  sugar  beets  are  seldom  attacked.  As  yet  plant  diseases 
of  a  fungoid  nature  are  entirely  unknown  among  root  crops  in  Mon- 
tana. 

Soils  Suitable  for  Root  Crops. 

While  these  differ  slightly  for  the  several  classes  and  will  be  dis- 
cussed more  specifically  later,  in  general,  the  heavier  loams  are  best 
suited.  Heavy  clays  are  not  suitable  in  any  case  and  humus  or  muck 
soils  are  productive  of  quantity  rather  than  quality.     While  the  best 
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results  will  be  secured  from  clay  and  sandy  loams  containing  some 
humus  the  yields  will  decrease  as  the  soils  become  sandy  or  gravelly 
both  through  lack  of  plant  food  and  the  inability  of  these  soils  to 
retain  moisture.  The  land  chosen  should  be  so  located  that  water  can 
be  applied  just  when  needed;  it  should  also  be  as  nearly  level  as  pos- 
sible with  just  sufficient  fall  for  irrigation.  Where  the  fall  is  too 
great  with  the  system  of  furrow  irrigation  used,  there  is  much  washing 
of  the  soil  and  resulting  injury  to  the  crop. 

Preparation  of  Soil. 

In  this  there  will  be  some  slight  differences  according  to  the  cli- 
matic conditions,  soil,  and  the  crop  to  be  grown.  In  all  cases  deep 
plowing  must  precede  the  crop  and  in  some  cases  this-must  be  in  the 
spring  and  in  others  in  the  fall.  In  those  portions  of  the  state  where 
the  soil  is  somewhat  heavy,  where  there  is  a  large  amount  of  snowfall 
followed  by  copious  spring  rains  and  where  as  a  result  the  ground  is 
impacted,  then  spring  plowing  will  be  necessary  in  certain  seasons  but 
under  these  conditions  light  porous  soils  should  be  fall  plowed.  Hard, 
dry,  impenetrable  soils  produce  prongy  roots  which  are  particularly 
objectionable  in  the  case  of  the  sugar  beet.  Throughout  the  more  arid 
sections  with  scant  snowfall  and  spring  rain  the  ground  should  be 
plowed  deep  in  the  fall  and  may  also  be  cultiuated  some  at  that  time. 
In  preparing  the  seed  bed  some  form  of  cultivator  should  be  used 
which  will  cut  deep  and  leave  an  even  surface,  this  should  be  followed 
by  a  smoothing  harrow  to  level  the  ground  and  bring  the  lumps  to  the 
surface.  If  the  ground  is  too  loose  or  lumpy  it  should  be  rolled  before 
seeding.  After  this  the  ground  is  ready  for  marking  and  sowing. 
Where  only  a  small  area  is  sown  it  will  be  better  to  mark  off  the  drills 
in  order  to  have  them  straight  and  a  uniform  distance  apart  which  not 
only  adds  to  the  appearance  but  renders  cultivation  and  irrigation 
more  easy  and  less  liable  to  injure  the  crops.  A  marker  may  be  con- 
structed as  follows:  Cut  several  wooden  runners  about  eighteen  inches 
long  out  of  one  by  eight-inch  boards  and  round  them  off  at  one  end  in 
about  the  same  shape  as  a  sleigh  runner;  this  rounded  ecfge  should 
also  be  brought  to  a  wedge  shape.  These  runners  are  then  fastened 
together,  side  by  side,  the  distance  apart  which   the  rows  are  required 
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by  nailing  two  1x6  inch  strips  across  the  tops.  A  light  strip  is  then 
attached  to  the  centre  of  the  marker  by  which  it  can  be  drawn.  With 
a  marker  of  this  kind  five  or  six  feet  in  width  an  acre  of  ground  can  be 
marked  off  in  an  hour  or  two.  The  runners  can  be  changed  so  as  to 
suit  the  requirements  as  to  distance  in  marking  for  any  of  the  root 
crops  or  potatoes.  This  method  is  suggested  for  small  areas  only, 
larger  areas  should  be  marked  and  planted  by  a  seeder  for  the  purpose. 

Seeding. 

Where  large  areas  are  to  be  grown  year  after  year,  a  regular  root 
drill  should  be  secured.  In  the  case  of  mangolds  or  sugar  beets,  the 
seeds  of  which  are  large,  the  sowing  may  be  performed  with  an  ordi- 
nary grain  drill  by  stopping  up  some  tubes  to  give  the  rows  a  proper 
distance  apart.  But  where  only  small  areas  are  planted  the  work  can 
be  well  done  with  a  good  hand  seeder  of  which  the  Planet  Junior  is  a 
fair  type.  Using  one  of  these  a  man  can  sow  one  acre  of  sugar  beets, 
with  rows  two  feet  apart,  in  from  three  to  four  hours.  These  planters 
can  be  adjusted  to  sow  all  kinds  of  field  roots  and  garden  seeds  as  well. 
Every  farmer  who  plants  a  garden  should  use  one.  The  methods  of 
cultivation  and  irrigation  required  by  the  various  root  crops  will  be  left 
till  these  are  discussed  individually. 

Harvesting. 

The  labor  required  and  the  cost  of  this  operation  are  among  the 
strongest  arguments  urged  against  the  production  of  root  crops.  If 
the  practice  of  hand  pulling  is  followed  much  hard  work  and  expendi- 
ture are  required.  The  plan  followed  at  the  Experiment  Station  has 
been  the  following  :  The  first  operation  in  harvesting  consists  in  re- 
moving the  top.  This  can  be  rapidly  and  easily  accomplished  with  a 
sharp  hoe,  the  work  being  done  nearly  as  fast  as  a  man  can  walk.  It 
is  most  easily  accomplished  in  the  case  of  the  rutabaga,  the  top  of 
which  is  supported  on  a  neck.  With  practice  and  the  exercise  of 
proper  care  all  classes  of  roots  can  be  topped  in  this  manner.  Excep- 
tion may  be  urged  in  the  case  of  the  mangold,  as  it  has  been  consider- 
ed necessary  to  twist  the  tops  off  in  preference  to  cutting  the  root, 
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which  renders  them  more  liable  to  decompose.  While  this  is  true  in 
humid  climates,  it  does  not  hold  good  under  our  arid  conditions,  In 
the  case  of  sugar  beets  to  be  used  for  manufacture  it  is  desirable  that 
a  portion  of  the  crown  be  removed  with  the  top. 

The  next  operation  in  harvesting  consists  in  plowing  the  roots 
out.  The  deep  rooted  crops,  such  as  mangolds,  sugar  beets  and  car- 
rots, can  not  be  overturned  in  many  cases,  owing  to  the  depth  which 
the  plow  would  need  to  go.  In  such  cases  our  practice  is  to  plow  a 
deep  furrow  away  from  the  roots  and  so  close  up  to  the  row  that  the 
roots  are  left  exposed.  They  can  then  be  thrown  into  piles  or  gathered 
in  a  wagon.  In  doing  this  work  only  one  row  at  a  time  can  be  re- 
moved, or  two  when  working  from  both  sides  of  the  patch.  If  a  number 
of  rows  were  plowed  before  removing  the  outer  ones  these  may  be 
partially  covered  when  the  rows  are  close  together.  Both  mangolds 
and  rutabagas  can  be  plowed  out.  The  draught  should  be  so  arranged 
as  to  cause  the  plow  to  cut  a  V  shaped  furrow  directly  under  the  roots. 
As  these  two  crops  grow  on  the  surface  so  little  earth  is  moved  by  the 
plow  tliat  a  whole  field  can  be  plowed  out  at  once.  If  care  is  taken 
not  to  plow  too  deep  the  roots  will  be  left  exposed.  In  all  cases  a 
plow  cutting  not  wider  than  ten  inches  will  give  the  best  results.  Some 
form  of  garden  plow  will  answer  well.  For  large  crops  a  sugar  beet 
harvester  should  be  used. 

Storing 

The  most  satisfactory  and  permanent  results  in  storing  are  to  be 
secured  from  a  root  cellar  built  in  an  excavation,  the  object  being  to 
get  below  ground  for  security  against  frost.  Storage  houses  for  roots 
and  potatoes  are  not  as  satisfactory  and  are  expensive.  The  walls 
surrounding  an  excavated  cellar,  where  there  is  little  exposure  to  the 
atmosphere  and  its  weathering  influences,  can  be  made  of  concrete, 
which  is  a  cheap  form  of  wall,  as  cobble  stones  for  the  structure  can 
be  found  on  nearly  every  farm  and  aside  from  the  amount  of  lime  and 
cement  required  there  is  little  expense  except  for  the  labor,  which  in 
most  cases  can  be  performed  by  the  farmer  during  seasons  when  work 
is  least  pressing.      One  of  the  main  objects  to  be  considered  in  a  case 
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of  this  kind  is  ventilation;  the  climatic  conditions  are  such  that  the 
protective  qualities  of  a  root  house  are  not  put  to  the  extreme  test 
except  during  a  few  cold  spells  of  short  duration.  Throughout  the 
balance  of  the  time  the  necessary  ventilation  should  be  available  so 
that  the  temperature  may  be  kept  as  near  32  degreed  without  freezing, 
which  will  give  the  best  results.  Owing  to  the  dryness  of  the  air  it 
has  been  found  that  our  root  crops  will  keep  much  better  in  storage 
where  some  dirt  is  carried  in  along  with  them,  such  as  may  adhere  in 
harvesting.  This  is  particularly  true  of  sugar  beets.  The  earth  should 
not,  however,  be  allowed  to  become  packed  as  might  occur  underneath 
a  window  or  the  drop  where  roots  are  shoveled  in,  for  in  this  case  they 
would  heat  and  rot.  In  storing  root  crops  high  temperatures  must  be 
avoided. 

Pitting  may  also  be  resorted  to,  but  is  not  so  satisfactory  as  a 
cellar.  Under  such  conditions  the  continuous  use  of  roots  for  feeding 
is  interfered  with  during  the  extremely  cold  spells  as  some  days  the 
pit  would  have  to  remain  closed  to  prevent  the  access  of  frost.  In 
constructing  a  pit,  a  high,  well  drained  piece  of  ground  should  be 
chosen.  The  roots  should  be  piled  in  long  piles,  the  bottom  of  the 
pile  about  four  feet  wide,  with  the  sides  sloping  upward,  to  meet  at  a 
point  3^  feet  above  the  center  of  the  pile;  the  length  of  the  pit  can  be 
governed  by  the  conditions.  As  soon  as  roots  are  piled  cover  them 
with  a  layer  of  about  three  inches  of  straw,  free  from  chaflf ;  then  cover 
the  straw  with  earth  taken  up  from  near  the  edges  of  the  pit  in  such  a 
way  as  to  form  a  ditch  around  the  same  for  drainage.  Early  in  the 
season  not  more  than  an  inch  or  two  of  earth  should  be  place<l  on  the 
straw,  but  later,  as  cold  weather  approaches,  double  the  amount  of 
earth,  and  prevent  freezing  in  future  by  coverings  of  manure,  used  in 
such  quantity  as  the  severity  of  the  weather  may  require.  Where  the 
conditions  are  extreme,  or  for  potatoes,  a  double  covering  may  be  used 
as  follows:  First  cover  with  straw  and  then  with  a  thin  layer  of  earthy 
which  is  allowed  to  freeze,  then  follow  with  another  layer  of  straw  and 
more  earth.  In  this  method  a  dead  air  space  is  maintained  and  the 
roots  or  potatoes  enclosed  are  not  efifected  by  fluctuations  in  tempera- 
ture from  without.  In  extreme  weather  a  manure  covering  would  be 
needed  as  in  the  first  case. 
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Sugar  Beets* 

Practical  demonstrations  prove  that  beets  can  be  produced  in 
Montana  for  sugar  production  quite  as  successfully  as  anywhere  in  the 
world;  this  is  true  both  as  regards  quality  and  yield.  As  there  are  no 
factories  for  the  production  of  beet  sugar  in  the  state  at  present,  and 
as  this  publication  is  being  prepared  more  especially  for  the  stockman 
and  farmer  who  may  be  interested  in  feeding  problems,  the  following 
data  relating  to  culture  will  apply  more  specifically  to  the  production 
of  these  roots  for  feeding  purposes. 

(1)  NATURE  OP  GROWTH. 

The  sugar  beet  is  particularly  characterized  as  a  deep  grower,  pro- 
ducing a  long  conical  tap  root  extending  on  the  average  from  twelve  to 
fifteen  inches  deep.  When  properly  planted  and  cultivated,  this 
growth  should  be  almost  entirely  beneath  the  surface  of  the  ground; 
because  of  this  and  the  additional  fact  that  the  top  consists  of  spread- 
ing short  stemmed  leaves,  these  plants  are  not  injured  by  the  earlier 
frosts. 

(2)  SOILS   BEST   SUITED. 

On  suitable  soils  with  proper  conditions  sugar  beets  can  be  grown 
from  sea  level  up  to  an  altitude  of  5,000  feet,  but  a  short  season  is  a 
disadvantage.  Stiff  clay  soils  should  be  avoided,  and  humus  and  muck 
soils,  while  not  suited  to  the  growth  of  the  best  quality  of  beets  for 
sugar  making,  can  be  used  where  stock  food  is  being  produced.  Sandy 
loams  are  preferable,  but  any  rich  loam  will  answer.  The  soil  should 
be  deep,  as  the  presence  of  hardpan  too  near  the  surface  causes  prongy 
roots.  Under  semi-arid  conditions,  when  poor  soils  are  used,  requiring 
farmyard  manure,  this  should  always  be  applied  with  the  preceding 
crop. 

(3)  PREPARATION   OF  SEED   BED. 

In  general,  the  plowing  should  be  deep  and  done  in  the  fall  except 
under  those  local  conditions  where  heavy  snows  or  spring  rains  solidify 
the  ground,  then  it  should  be  replowed  in  the  spring  and  thoroughly 
cultivated  to  reduce  it  to  fineness  and  render  it  retentive  of  moisture. 
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Spring  plowing  should  be  done  early  and  followed  by  cultivation  at 
intervals^  till  sowing  time  and  preparation  completed  as  heretofore 
described. 

<4)   PLANTING. 

In  this  the  time  will  depend  on  local  conditions,  of  which  we  have 
an  endless  variety;  but  in  general  the  planting  should  be  done  as  early 
as  the  working  of  the  soil  and  the  climatic  conditions  will  permit. 
The  rows  should  not  be  more  than  two  feet  apart;  a  less  distance  is 
recommended  in  growing  beets  for  sugar  making  but  for  the  purpose 
given  two  feet  will  answer  well,  providing  more  room  for  cultivation. 
The  rows  should  be  laid  out  in  such  a  manner  that  a  fall  of  not  more 
than  three-fourths  of  an  inch  to  the  rod  will  be  given;  if  the  fall  is 
greater  the  tendency  will  be  to  wash  the  soil  from  between  the  rows, 
leaving  the  miniite  roots  exposed  and  injuring  the  plants.  Large 
areas  should  be  sown  with  a  regular  drill  but  smaller  ones  with  a  garden 
seeder.  Not  less  than  twelve  pounds  of  seed  should  be  used  per  acre, 
in  order  to  insure  a  perfect  stand.  If  the  soil  is  moist  plant  the  seed 
three-quarters  of  an  inch  deep;  if  dry,  one  and  one-quarter  inches  or 
even  a  little  more. 

(5)    CULTIVATION. 

If  a  heavy  loam  should  bake  as  the  result  of  a  dashing  rain,  the 
plants  may  be  prevented  from  coming  through.  In  extreme  cases 
only,  where  the  crop  is  thus  endangered,  a  very  light  harrowing 
may  save  it,  if  done  as  soon  as  the  ground  is  dry  and  before  the 
plants  reach  the  surface;  this  should  only  be  attempted  in  extreme 
^  cases.  For  small  areas  of  an  acre  or  so,  cultivation  by  means  of  a 
hand  wheel  hoe  should  be  given  as  soon  as  the  plants  are  all  nicely 
through  the  ground;  adjust  the  wheel  hoe  with  the  two-knife  attach- 
ment made  to  run  one  on  each  side  and  close  up  against  the  row. 
This  prompt  cultivation  will  prevent  evaporation  and  save  much 
future  labor  by  destroying  the  young  weeds.  The  remaining  por- 
tions of  the  spaces  between  the  rows  may  be  left  for  horse  cultiva- 
tion later.  The  wheel  hoe  can  be  used  before  such  time  as  a  horse 
could  follow  the  row  and  also  avoids  the  danger  of  covering  the  small 
plants  with  a  horse  cultivator.     Subsequent  cultivation  should  be  fre- 
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quent,  deep  at  first  and  shallower  as  the  season  advances.  Thin  the 
plants  to  eight  inches  apart  in  the  row  when  the  second  pair  of  leaves- 
appear  and  when  about  two  inches  high,  without  drawing  the  earth 
away  from  the  plant;  later  thinning  is  both  more  injurious  and  diffi- 
cult. In  the  thinning  the  interspaces  can  be  cleared  by  means  of  a 
hoe  and  the  remaining  bunches  thinned  by  hand.  Where  the 
plants  are  not  too  thick  the  work  can  all  be  done  by  a  hoe  in  the  hands 
of  an  expert.  The  more  the  hands  are  used  in  thinning  the  more  it 
becomes  a  necessity.  If  the  beets  are  properly  thinned  and  the  weeds 
all  removed  from  the  row  at  the  same  time  subsequent  use  of  the  hoe 
will  be  very  little  required.     Do  the  work  well  the  first  time. 

IRRIGATION. 

Preparations  for  this  are  made  at  the  same  time  cultivation  is  be- 
ing given.  By  attaching  a  v-shaped  point  to  the  .centre  of  the  rear 
shank  of  the  cultivator  a  small  scratch  or  furrow  is  left  to  lead  the 
water,  and  the  smaller  this  is  the  better  providing  it  answers  the  pur- 
pose without  overflowing.  Flooding  should  always  be  avoided  with 
care.  The  amount  of  irrigation  will  depend  on  the  local  precipitation, 
some  localities  requiring  one,  others  two  and  still  others  three  applica- 
tions. The  indications  of  need  of  water  are  the  turning  dark  green 
of  the  top  leaves  and  the  wilting  of  the  lower  ones.  The  water  should 
be  allowed  to  run  till  the  earth  between  the  furrows  all  turns  dark 
from  saturation  when  it  should  be  promptly  turned  off.  Cultivate 
lightly  as  soon  as  ground  is  dry  enough  after  irrigation  to  prevent 
evaporation. 

Sugar  beets  may  be  irrigated  up  to  within  six  weeks  of  harvest- 
ing.    They  should  not  be  harvested  while  frozen.     Though  humus  or. 
muck  soils  and  those  containing  some  alkali  produce  beets  of  a  poor 
quality  for  sugar  making,  this  need  not  deter  the  farmer  producing 
them  for  stock  food. 

Mangolds. 

These  are  admirably  adapted  to  all  classes  of  live  stock  but  are 
especially  valued  for  milch  cows  as  they  can  be  freely  used  without 
danp^er  of  tainting  the  milk.     As  a  winter  food  for  fowls  none  other 
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can  replace  them  when  fed  raw.  Mangolds  are  of  several  varieties 
differing  in  c5olor  as  red,  orange  and  yellow:  and  also  in  shape,  as  ob- 
long or  globular.    The  long  varieties  usually  give  much  larger  yields. 

{1)   NATURE  OF  GROWTH. 

The  mangold  is  particularly  characterized  by  an  upward  tendency 
of  growth  so  that  when  mature  a  large  portion  of  the  root  is  exposed. 
The  leaves  are  more  sensitive  to  frost  than  the  sugar  beet  and  the  same 
is  also  true  of  the  root  which  is  covered  by  a  very  thin  skin. 

(2)  SOILS   BEST  SUITED. 

These  are  all  deep  soils  rich  in  organic  matter.  Clay  loams,  strong 
sandy  loams,  and  dark  prairie  soils  are  especially  adapted,  while  stiff 
clays  and  light  sands  are  less  suitable. 

(3)  PREPARATION   OF   SEED   BED. 

In  general  the  same  as  for  sugar  beets. 

{4)   PLANTING. 

Those  methods  described  for  the  sugar  beet  will  apply  in  general 
to  the  mangold  also.  From  six  to  eight  pounds  of  seed  is  required  per 
acre,  but  the  amount  should  be  governed  by  suitability  of  the  soil  and 
conditions.  The  distance  between  the  rows  and  also  the  plants  in  the 
row  will  vary  with  the  variety  chosen,  the  conditions  of  the  soil,  the 
earliness  or  lateness  of  sowing  and  the  length  of  the  growing  season. 
The  larger  the  variety,  the  richer  the  land,  the  earlier  the  date  of  seed- 
ing and  the  longer  the  season,  the  wider  apart  should  be  both  rows  and 
plants  in  the  row  and  vice  versa.  Twenty-seven  inches  is  an  average 
distance  for  the  rows  and  twelve  inches  for  the  plants  in  the  row. 

(5)   CULTIVATION   AND    IRRIGATION. 

In  general  the  same  as  for  sugar  beets. 

Carrots. 

This  crop  can  be  grown  with  more  certainty  throughout  the  state 
than  any  other  and  is  less  liable  to  attacks  of  disease  and  insect  pests 
than  any  other.    They  are  equally  useful  for  all  classes  of  live  stock 
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and  especially  for  horses  at  that  season  of  the  year  when  they  are  de- 
prived of  succulent  food,  as  they  are  greatly  relished  by  them  in  the 
raw  state. 

(1)  NATURE   OF   GROWTH. 

It  is  such  that  the  carrot  crop  is  not  injured  by  the  early  frosts 
of  spring  or  autumn  and  has  great  power  to  resist  drouth  so  that 
when  started  in  the  early  spring  a  crop  can  be  looked  for  with  al- 
most unfailing  certainty.  Crops  can  be  produced  without  irrigation 
in  those  sections  where  there  is  some  sub-irrigation  or  a  fair  amount 
of  rainfall.  The  carrot  is  a  deep  grower,  developing  entirely  within 
the  ground.  The  varieties  are  classified  as  long,  medium  and  short; 
and  also  by  their  color,  as  red,  orange  and  white.  The  long 
varieties  are  losing  favor  owing  to  the  diflSculty  in  harvesting 
them. 

(2)  SOILS   BEST  SUITED 

Almost  any  soil  with  a  fair  amount  of  plant  food  will  give  a 
good  crop  of  carrots.  The  favorite  soils  are  those  of  a  deep  loamy 
character,  capable  of  retaining  moisture.  Some  varieties  are  better 
adapted  than  others  to  shallower  or  heavier  soils. 

(3)  PREPARATION  OP  SEED  BED. 

In  this  the  work  should  be  much  the  same  as  for  sugar  beets 
and  mangolds  but  most  of  the  work  should  be  done  in  the  autumn. 
The  preparatory  cultivation  should  be  performed  with  a  view  to 
cleaning  the  ground  from  weeds.  The  spring  cultivation  should 
consist  in  preparing  a  fine  mellow  seed  bed. 

(4)  PLANTING. 

As  there  is  little  danger  of  injury  from  frost,  plant  as  early  as 
possible.  Small  areas  will  produce  enormous  yields  if  properly 
handled  and  these  are  most  satisfactorily  sown  with  a  hand  seeder. 
Eighteen  inches  between  the  rows  will  suffice  for  the  3rop,  but 
twenty-four  is  more  frequently  given  to  facilitate  the  ease  of  horse 
cultivation.  From  two  to  four  pounds  of  seed  are  required  per  acre 
according  to  the  suitability  of  the  conditions. 
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(5)  CULTIVATION. 

This  should  begin  as  soon  as  the  young  plants  mark  the  line  of 
the  row,  using  the  method  heretofore  described  for  mangolds  and  sugar 
beets.  Prompt  cultivation  is  more  necessary  in  the  case  of  the  carrot 
as  it  is  slow  to  germinate  and  come  up,  thus  giving  all  weeds  a  good 
start.  From  a  consideration  of  both  quantity  and  quality  the  best 
results  will  be  secured  from  thinning  the  plants  to  four  inches  apart 
in  the  row.  This  is  the  tedious  and  expensive  operation  of  carrot 
culture  as  the  thinning  must  be  done  entirely  by  hand.  Where,  ow- 
ing to  adverse  conditions  or  poor  seed  the  stand  may  be  somewhat 
thin  and  irregular,  a  good  crop  may  result  without  any  thinning. 

(6)  IRRIGATION. 

This  should  be  performed  by  the  method  described  and  less  water 
will  suflSce  than  for  most  other  root  crops. 

The  harvesting  which  has  been  generally  regarded  as  a  laborious, 
and  expensive  operation  can  be  quickly  and  easily  performed  by  the 
method  heretofore  described  and  need  not  be-  done  before  the  ap- 
proach  of  winter. 

Turnips. 

These  are  of  two  varieties,  viz.,  those  of  {Swedish  origin  com- 
monly called  Swedes  or  rutabagas;  the  other  class  being  known  as 
Fall  Turnips.  The  Swede  turnips  have  the  firmer  flesh  and  are  the 
better  keepers;  they  are  known  by  the  purple,  green  or  purplish 
green  color  of  the  top  of  the  bulb  and  by  the  leaves  which  are  a 
darker  color,  than  the  fall  varieties.  Fall  turnips  vary  greatly  in  the 
comparative  strength  of  the  tops  and  in  the  size,  color,  shape  and 
texture  of  the  bulbs.  Turnips  form  an  excellent  food  for  many  classes 
of  live  stock,  but  can  not  be  satisfactorily  fed  to  swine  if  raw,  or  to 
milch  cows  without  danger  of  tainting  the  milk. 

(1)   NATURE   OF   GROWTH. 

This  is  such  as  to  especially  adapt  them  to  moist,  cool  climates> 
but  they  give  remarkable  results  in  Montana  wherever  grown  under 
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irrigation.     The  greater  portion  of  their  growth  is  made  with    great 
rapidity  in  the  autnmn  months. 

{2)   SOILS   BEST   SUITED. 

Those  of  a  free  working,  loamy  nature  are  best  for  turnips,  es- 
pecially where  containing  some  sand  but  not  sufficient  to  render 
them  poor.  Rich  muck  soils  tend  to  stimulate  too  great  a  growth 
of  tops  with  a  corresponding  deficiency  in  root.  Our  valley  soils, 
however,  are  well  suited  to  the  growth  of  the  turnip. 

(3)  The  preparation  of  the  land  should  be  somewhat  similar  to 
Ihat  heretofore  described  as  being  deep  and  thorough. 

<4)   PLANTING. 

This  may  be  delayed  to  as  late  as  June  10th  in  those  localities 
where  there  are  late  spring  rains  to  germinate  the  seeds;  in  drier 
sections  sowing  should  take  place  earlier.  Twenty-seven  inches  is  a 
suitable  distance  between  rows  and  from  two  to  four  pounds  of  seed 
are  required  per  acre.  The  seed  may  be  sown  with  hand  seeder  or  by 
means  of  a  field  drill  providing  the  turnip  seed  is  mixed  with  some 
kind  of  meal  or  sawdust  or  dry  earth  to  give  it  bulk. 

{5.)    Cultivation. 

Should  begin  early  and  be  frequently  repeated.  The  plants 
should  be  thinned  to  twelve  inches  apart  as  soon  as  two  or  three  inches 
high.  The  work  can  all  be  preformed  by  means  of  a  hoe,  as  the  plants 
are  not  so  liable  to  injury  as  sugar  beets  or  mangolds. 

(6).  Irrigation  should  be  practiced  sufficiently  often  to  keep  the 
turnip  plants  growing  vigorously.  This  is  the  most  successful  method 
of  counteracting  the  attack  of  plant  lice.  The  slow  growing  plants  are 
the  first  to  be  attacked  and  the  first  to  succumb. 

Harvesting  need  not  take  place  till  late  in  autumn  owing  to  the 
late  continued  growth  and  ability  of  the  turnip  to  withstand  the 
frost.  The  crop  can  be  topped  by  means  of  a  hoe  and  plowed  out 
as  described. 
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Potatoes. 

The  culture  of  potatoes  must  necessarily  be  greatly  different  be- 
cause of  the  almost  unlimited  variety  of  conditions  under  which  they 
are  grown  throughout  the  state.  The  methods  considered  must  there- 
fore be  general  rather  than  specific.  Potatoes  can  be  successfully 
grown  in  Montana,  both  with  and  without  irrigation;  in  the  latter  case, 
however,  only  in  such  sections  where  the  ground  is  moist  from  sub-ir- 
rigation or  where  there  is  more  than  the  average  precipitation. 

Selection  of  Varieties. 

These  may  be  classed  as  early,  medium  and  late,  and  such  a 
schedule  may  be  obtained  from  the  Experiment  Station  at  any  time  as 
all  new  varieties  are  collected  for  testing.  In  most  sections  above  an 
altitude  of  6000  feet,  early  varieties  only  should  be  grown;  medium 
sorts  between  4000  and  6000  feet;  and  the  later  kinds  below  4000  feet. 
The  yields  per  acre  are  least  from  the  early  varieties,  increasing  as  the 
time  for  maturity  extends. 

Suitable  Soil. 

The  best  results,  considering  both  quality  and  quantity,  are  to  bt» 
secured  from  rich  loams  containing  some  sand  and  much  humus;  stiff 
clays,  mucks  and  light  sands  are  undesirable. 

SELECTING  SEED. 

Too  often  the  variety  chosen  is  selected  because  of  a  large  total 
yield  with  too  little  regard  f  Dr  quality.  TBe  value  of  a  variety  depends 
upon  the  percentage  of  marketable  potatoes  produced  rather  than 
from  the  total  yield.  This  is  ascertained  by  deducting  the  small  and 
rough  potatoes  from  the  product  of  a  given  area.  Then  in  addition  to 
this  the  potatoes  should  possess  good  shape,  viz. :  an  oval  neither 
tending  to  flatness  nor  long  points  at  either  end,  with  the  eyes  set  well 
out  on  the  surface.  From  a  potato  possessing  this  shape  there  is  less 
loss  in  preparing  for  cooking.  Much  difference  of  opinion  exists  re- 
garding the  selection  of  tubers  for  seed.  The  best  practice,  however, 
is  to  select  medium  sized,  smooth  and  uniform  potatoes,  notwithstand- 
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ing  the  evidence  which  may  be  produced  to  show  that  equal  results, 
in  some  cases,  have  been  secured  from  small  sets. 

Treatmeni  for  Scab  and  Preparation  for  Seed. 

Potatoes  selected  for  seed  should  always  be  treated  for  scab 
whether  apparently  affected  or  not,  as  the  parasitic  spores  may  be 
present  even  though  not  visible.  The  preventiitive  measures  are 
neither  laborious  or  expensive,  and  a  badly  infected  crop  is  practically 
unmarketable.     Either  of  the  two  following  methods  may  be  used: 

(1)  Soak  the  uncut  seed  from  one  and  a  half  to  two  hours  in  a 
solution  consisting  of  one  xx)und  or  pint  of  formalin  to  thirty  gallons 
of  water;  or  (2)  Immerse  the  tubers  for  the  same  length  of  time  in  a 
solution  consisting  of  corrosive  sublimate  in  the  proportion  of  one 
ounce  to  seven  and  one-half  gallons  of  water.  The  former  treatment 
is  preferred  as  it  does  not  present  the  deadly  poison  properties  of  the 
latter,  nor  corrode  metallic  vessels.  These  methods  of  treatment  will 
not  1x3  etfective  in  replanting  badly  infected  ground;  in  such  cases  the 
place  of  planting  should  be  chaugeil.  The  conditions  seemingly  fav- 
orable to  the  development  of  scab  are  soils  possessing  an  abundance  of 
decaying  organic  matter  with  an  excess  of  moisture  accompanied  by 
proper  temperature.  Past  experience  seems  to  indicate  that  heavy 
manuring  or  plowing  in  green  crops  accompanied  by  excess  of  moist- 
ure or  copious  irrigation,  tends  to  increase  scabbing. 

The  cutting  process  should  always  follow  treatment.  Though  a 
number  of  devices  have  been  invented  for  this  work,  none  answer  so 
vrell  as  a  knife  in  the  hands  of  a  skilful  operator.  When  the  tubers 
are  large  with  a  moderate  number  of  eyes,  cut  one  eye  to  a  piece  split- 
ting the  seed  end.  With  a  variety  having  many  eyes  it  may  be  neces- 
siiry  to  cut  two  to  each  piece.  After  cutting,  if  storm  prevents  plant- 
ing for  a  number  of  days,  spread  the  sets  out  thin  on  a  board  floor  and 
sprinkle  with  dry  earth  or  ashes  to  hasten  the  callousing  of  the  cuts 
and  prevent  decomposition,  which  will  soon  follow  if  the  sets  are  left 
l)iled  or  sacked.  Under  local  conditions  where  spells  of  cold,  wet 
weather  are  likely  to  follow  early  planting,  uncut  seed  about  the  size 
of  a  hen's  egg  is  safer  to  plant,  being  much  more  resistent  to  decay. 
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Attention  should  also  be  given  to  the  selection  of  perfectly  matured 
seed.  In  some  localities  early  frosts  may  destroy  the  vines  before  ma- 
turity. While  the  immature  tubers  will  grow  quite  well  they  are 
much  longer  in  starting  and  making  an  appearance  above  groimd. 
Potatoes  also  which  have  been  exposed  to  bjij  possibility  of  even  slight 
freezing  should  not  be  used  for  seed. 

PREPARATION   OF   THE   SOIL 

Deep  plowing  and  thorough  cultivation  are  essential  to  render  the 
soil  loose  and  mellow.  Fall  plowed  land,  which  has  settled  and  be- 
come hard,  should  always  be  replowed  shortly  before  planting  time. 

PLANTING. 

The  labor  involved  in  planting  large  areas  will  justify  the  pur- 
chase and  use  of  a  potato  planter;  any  one  of  the  several  kinds  on  the 
market  will  do  excellent  work.  In  general  the  drills  should  be  from 
thirty-six  to  forty-two  inches  apart  with  the  sets  twelve  inches  apart 
in  the  row.  For  small  areas  drill  rows  may  be  opened  with  a  small 
plow  and  refilled  with  the  same  implement  after  planting.  The  drills 
should  not  remain  open  long  to  allow  them  to  dry  out.  After  covering 
with  the  plow  cross  harrow  to  level  the  ground;  this  is  particularly 
necessary  where  the  crop  is  to  be  irrigated.  A  covering  of  four  inches 
with  the  heavier  and  more  retentive  soils  is  sufficient,  but  six  inches 
may  be  needed  in  the  lighter  and  drier  ones. 

CULTIVATION. 

Harrow  lightly  at  once  as  soon  as  the  young  plants  begin  to  appear 
above  ground  to  destroy  weeds  and  retain  moisture.  Frequent  culti- 
vation should  follow  according  to  the  conditions;  the  drier  the  season 
the  more  frequent  the  cultivation.  More  cultivation  and  less  irriga- 
tion will  produce  crops  of  better  quality. 

IRRIGATION. 

In  this  the  time  and  amount  is  greatly  varied  by  the  local  climatic 
and  soil  conditions.  In  general  one  irrigation  can  be  made  to  suffice 
if  proper  cultivation  is  given  and  the  water  applied  about  the  time  the 
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plants  come  into  bloom.  Earlier  irrigation  is  liable  to  start  too  many 
sets;  delayed  too  long  a  second  growth  producing  rough  potatoes  is 
likely  to  occur.  Under  the  most  extreme  conditions  two  irrigations 
may  be  necessary.  After  irrigating,  the  ground  should  be  cultivated 
lightly  to  prevent  evaporation.  The  same  method  of  irrigation  as  that 
described  for  sugar  beets  will  also  apply  to  potatoes. 

HARVESTING   AND  STORING. 

Large  areas  are  readily  harvested  with  a  potato  digger  such  as  the 
Hoover.  In  storing,  the  secret  of  success  lies  in  keeping  the  potatoes 
in  a  dark 'storeroom  or  cellar  with  the  temperature  as  low  as  possible 
without  permitting  freezing. 
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SUGAR  BEETS. 

The  Crop  of  1903, 


F.  W.  TRAPHAGEN. 


Except  for  the  fact  that  very  few  of  the  cooperating  farmers 
responded  to  the  request  to  send  to  the  Station  samples  of  sugar 
beets  for  analysis,  the  results  of  the  year's  work  are  very  satis- 
factory. 

No  general  conclusions  can  be  drawn  from  the  analysis  of 
such  a  small  number  of  samples  for  the  various  localities,  though 
these  results,  so  far  as  they  go,  support  the  conclusions  of  former 
years. 

The  season  has  been  very  generalh^  reported  as  having  been 
very  unfavorable  to  the  growth  of  beets,  yet  the  yields,  both  in 
quantity  and  quality,  have  been  very  good. 

The  richest  lot  of  beets  that  has  yet  come  into  the  laboratory 
was  grown  by  W.  M.  Wooldridge,  Valley  county.  Six  beets  raised 
by  Mr.  Wooldridge  averaged  22.8  per  cent  sugar  in  the  beets, 
equivalent  to  24  per  cent  sugar  in  the  juice. 

Results,  this  year  and  in  past  years,  show  that  the  manufac- 
turing campaign  might  begin  as  early  as  the  middle  of  September, 
thus  making  a  campaign  of  great  length  possible. 

Excellent  yields  of  fine  beets  have  been  obtained  this  year  with 
very  little  water,  in  some  cases  none  in  fact,  reaching  the  crop 
from  planting  until  harvesting.  This  would  indicate  the  possibil- 
ity of  its  use  as  a  dry  land  crop,  in  places  where  water  is  not 
available. 
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TABLES  OP  COMPOSITION,  YIELD  AND  VALUE. 


i 

Laboratory  No.... 

Co-operating  Farmer. 

Locality. 

_ 
Date  Analyzed 

Viriety 

2250 

J.  R.  Stevens 

Bridger,  Car]»on  f  "onnty 

."September  2(» 

Dippe 

2251 

F.  E.  Wedge 

Columbia  ViiWu.  Flathead  Tonnty 

September  2(> 

lloerning 

2252 

Ebenezer  JohnHon 

Fulton,  Lewis  A:  Clarke  County 

.September  2() 

Vllmorin 

2255 

Theo.  Koenig 

Kali.six'll,  Flathead  County 

October  17 

lloerning 

2256'J.  H.  Green 

Manhattan,  (iallatin  County 

October  17 

Stran<1es 

2257 

K.  0.  C  Andrews 

Mf'Leod,  Sweet  tJrass  County 

October  17 

Strandes 

2258 

J.  J.  Qnlnlan 

Forsyth,  Kosebinl  County 

OctotuT  17 

2259 

Fred  Kdelman 

Sheridan,  Ma<lison  County 

October  2(> 

lloerning 

22H0 

A.  B.  Lecrkenby 

I'nion,  Cnioii  County.  OreKon 

October  21) 

I)ipl>e 

2201 

J.  P.  Jones 

Whitehall,  .lefferson  'couiity 

October  2() 

Sirandes 

22(i2 

G.  HoUenbeck 

Pioneer.  Powell  t.Ounty 

October  2<) 

Vllmorin 

2208 

J.  J.  Quinlan 

Porsyth,  Rosebud  County 

October  2r> 

Vilinorin 

2204 

J.  R.  Stevens 

Briilger,  Carbon  County 

October  2(> 

Dippe 

2205 

W.  M.   Wooldridge 

Hinsdale,  Valley  County 

October  27 

Strandes 

2200 

Isaac  Kddy 
H.  R.  Ballinger 

Lothi'oj»,  Mis.»*oulai  ounty 

Oet(il>er  27 

Vilniorin 

2207 

Red  Lodge,  •  arbon  County 

October  27 

Dii»yie 

2208 

Mrs.  B.  Haurk 

(JarrlKon.  Powell  County 

O.'tober  29 

Vilmorln 

2209 

A.  L.  Halliday 

Choteau,  Teton  ('ounty 

October  29 

Vilmorln 

2270 

A.  C  Gifford 

Fallon,  Custer  County 

October  29 

strandes 

2274 

0.  M.  Larkln 

Briilfler,  Carbon  county 

November  5 

Dippe 

2275 

W.  E.  Milnor 

Troy,  Flathead  County 

November  o 

Vihnorin 

2270 

M.  M.  Feiyneon 

B(»zeman,  (iallatin  <  oiinty 

November  5 

lloerning 

2277 

Lewis  KrueKer 

Bo»*man,  Gallatin  County 

Noveinljer  7 

2282 

Experiment  Farm 
J.  B.  DuKKins 

Bozeman,  (iallatin  County 

Novtmber  7 

2288 

Ekalaka,  Custer  County 

November  7 

r)ii)pe 

2284 

T.  S.  Prond 

Kalispell,  Flathead  County 

November  29 

Strandes 

2285 

T.  8.  Proud 

Kalispell, 

November  29 

Dippe 

2280 

T.  S.  Prond 

Kalispell.         '                " 

November  29 

Vllmorin 

2287 

F.  E.  Wedge 

Columbia  Falls,  Flathead  County 

Noveml)er  29 

Hoerning 

2288 

E.  H.  Elllnger    . 

Melville,  Sweet  (iraes  County 

November  29 

Viimorifi 
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TABLES  OF  COMPOSITION,  YIELD  AND  VALUE— CoNTmrED. 


Avern^    Weight 

Per  cent  si 
juice 

■ 

2  pounds  1  on  ico 

18.9 

2  pouuflH  8  ounccR 

U5.4 

1  |K)un<l  9,5  oiiiuvR 

i:^9 

2  pounds  11,5  ounces 

1(5.7 

14  ounces 

15.9 

1  poiuul  10  ounces 

1(5 

1  ponufl  1()  ounces 

20.4 

1  ponn«1  3  r)u«ees 

17 

1  i)ouiHl  7  ounces 

1  12 

l.'J  ounces 

1H.5 

1 2  ounces 

i:t.8 

1  pound  7  ounces 

1  1.4 

1  ]»ound  4  ounces 

18 

10. .'t  ounces 

21 

1  poinul 

l(5.:j 

I  ]>oun<l  9  otnices 

15.7 

1  pound  15  ounces 

1  1.(5 

]    pO\Ulil 

15 

1  pound  1  ounces 

17 

9  oinict'S 

18.8 

7.5  ounces 

1(5.9 

2  i)oin)d  1  ounce 

1(5 

14  oiuices 

18 

1  poun«l 

1  7.9 

1  i»«)iuHl  7  ounces 

18.(5 

1  pound  7  ouncfH 

17.7 

1  prjund  I  ounce 

19.0 

1  pound  5  ounces 

17.(5 

1  pound 

2  pounds  8  ounces 

19  ^ 
15,5 

7 

Pounds  sugar  j^er 
acre 

cent  sugar  In 
Beets 

2 

*^ 
^^ 
rt- 

"H 

• 
■ 
• 

X 

p    t    s 

>    3    ° 

:     ^-  'I 
:     -   3 
:      0    H» 

1 7.95 

81.4 

5020 

$   90.72 

15.(5 

81.5 

•14 

44(58 

79.80 

i;i.2 
15.9 

78.4 
8() 

19.5 

(5201 

118.10 

15.1 

82.8 

20 

(JOIO 

110.(50 

15.2 

8;i.:j 

27 

8208 

150.12 

19.4 

81.2 

17.5 

(5790 

121.80 

1(5.2 

82.9 

2n 

(5802 

128.90 

1.M.5 

8(5.(J 

18.8 

4954 

91.75 

12.8 

75.  4 

](» 

25(50 

47.(50 

i;i.i 

80.2 

11 

2882 

5.8. 4« 

i:{.7 

57.(5 

17.5 

479(5 

88.55 

17.1 

78.(5 

14 

4788 

8(5.80 

22.8 

77.4 

20 

912(> 

161.80 

15.5 

87.2 

17.5 

5125 

90.05 

14.9 

i:{.9 

1  1.25 
1(5.15 

85.:  J 

81.(5 
8(5.2 
87 

81.75 

10255 

18(5,(59 

17.8(5 

89.1 

12 

428G 

77.40 

1(5 
15.2 

88.(5 
81.2 

22 

(5(588 

122.82 

17.1 
17 

80 
91.3 



17.7 
1(5.8 

80.1 
81.2 

1  \    . 

4  704 

85.40 

18.(5 

88 

11 

4092 

78.70 

1(5.7 

82.2 

l(i 

5844 

9(5.90 

18 

81.2 

1  1 

5010 

91.00 

1  J. 7 

72.4 

24.(5 

7282 

182.84 

6 
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TABLES  OF  CULTURE  NOTES. 


& 

O 
ft 

• 

Width 

o 

Co-operating  Farmer. 

Soil 

Date 

Date 

between 

o 

• 

• 
« 

planted 

Harvested 

rows 

2250 
2251 
2252 

J.  K.  Stevens 
F.  E.  Wedge 
Ebeuezer  JohiiBon 

Clay,  gumbo 
Sandy  loam 
Black  loam 

April  14 
May  24 
May  18 

September  15 
Septeml)er  22 
September  23 

10  Inches 
18       " 
22       •• 

2255 
2250 

Theo.  Koenlg 
J.  H.Green 

Black  saiidy  loam 
Black  garden  Ictam 

May  21 
May  0 

October  8 
October  9 

18       •• 
10       •, 

2257 
2258 
225U 

H.  0.  C  Andrews 
J.  J.  Qiilnlan 
Fred  Edelnian 

Black  soil 
Sandy  loam 
Sandy  loam 

May  5 

May  10 
May  12 

September  20 
September  29 
October  14 

20 

24       •• 

12       " 

2200 

A.  B.  Leckenby 

Clay  loam 

April  28 

October  15 

20 

2201 
2202 

.T.  P.  Jones 
Q.  HoUenbeck 

Sandy  loam 
Black  loam 

May  20 
May  20 

October  10 
October  12 

20       *• 
18       " 

2203 
2204 

J.  J.  Quinlan 
J.  R.  Stevens 

Black  soil 
Clay,  gumbo 

May  5 
April  15 

October  15 

10       '• 

2205 
2200 

W.  M.  VVooldridge 
Isaac  Eddy 

Sandy  loam 
Black  loam 

May  1 
MayO 

Septembei  20 
October  21 

18       *• 
18       *• 

2207 
2208 
2209 
2270 

H.  R.  Balllnger 
Mrs.  B.  Haiick 
A.  L.  Halla<iay 
A.  C.  Gifford 

Sandy 
Sandy  loam 
Sandy  loam 
Sandy  loam 

June  20 
June  29 
May  10 
May  18 

October  24 
Octoljer  22 
October  25 
October  25 

28       •• 
24       " 
24       •• 
20       " 

2274 
2275 

C.  M.  Larkin 
W.  E.  Mllnor 

Sandy  loam 
Sandy  loam 

May  12 
May  20 

November  2 
October  31 

16       " 
24       " 

2270 
2277 
2282 
2288 
2284 

M.  M.  Ferguson 
Lewis  Kruger 
Experinient  Farm 
J.  B.  Duggins 
T.  S.  Proud 

Black  loam 

Sandy  loam 
Sandy  loam 
Sandy  loam,  very  deep 

June  2 

May  29 
May  18 

October  28 

November  3 
November  10 

30       •• 

18       •• 
18       •♦ 

2285 

2280 
2287 
2288 

T.  S.  Proud 
T.  S.  Proud 
F.  E.  Wedge 
E.  11.  Ellhiger 

Sandy  loam,  very  deep 
Handy  loam,  very  deep 
Sandy  loam 
Sandy  loam 

May  18 
May  18 
May  24 
May  5 

November  IB 
Novemljer  10 
November  17 
November  1 9 

18       " 
18       •• 
18        '• 
20        " 
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TABLES  OF  CULTURE  NOTES— CONTINUED. 


Irrigation. 


Frequent  and  plentitul. 

Nooe. 

None,  no  water  from   June  23, 

very  dry 
None,  very  little  rain. 
Three  times,  June  15,  July  20, 

August  12. 
Twice,  June  10  and  July  15. 
No  irrigation  and  no  rain. 
Twice,  in  June  and  In  July 

None. 

Every  10  days  after  July  10. 
Only  during  July. 


One-half  in.  water  to  row  every 
10  days  fr'm  Jul.  5  to  Aug.  25. 
Once,  June  20. 
Four  irrigations  and  several  rain 

and  hall  storms 
Irrigated  twice. 

Three  times. 

Water  from  well  when  watering 

garden. 
Twice,  in  July  and  hi  August. 
None,  spring  wet. 


Once,  August  0. 


None. 
None. 

None. 
None. 
None. 


Cultivation. 


Plowed  10  Inches  deep,  no  subsolHng. 
Thinned  June  28. 
Thinned  June  1 1. 

Plowed  7  inches  deep. 

Plowed  7  &  0  in.  deep,  cultivated  with 

garden  plow;  thinned  June  20. 

Thiimea  June  IG. 

Thinned  June  15. 

Plowed  8  inches  deep,  not  su'  soiled; 

thinned  June  15. 
Plowed  9  inches,  subBoiled  4  inches, 

stand  excellent,  thinned  June  2. 
Thinned  July  10. 
Thinned  June  80,  hoed  twice  4  inches 

deep;  stand  excellent. 

Thinned  July  1 1 . 

Thinned  .Tune  20. 

Thinned  June  20,  plowed  7   Inches, 
subsoiled  7  in,  jfrecjuent  cultivation. 
Thinned  July  6  to  15. 

Thinned  June  20. 

Early  hi  July;  plowed  about  fi  inches; 

good  stand. 
Thinned  July  1. 
Plowed  8  inches  deep;  thinned  July 

1;  stand  medium. 
Thinned  July  7,  July  28  and  Aug.  11. 


Thinned  in  June, 

Thinned  July  12,  plowed  8  inches; 

stand  excellent. 
Thinned  July  10. 
Thinned  July  1 1. 
Thinned  June  28. 
Thinned  June  20,  plowed  in  May  10 

Inches  deep. 


Remarks. 


Season  unfavorable. 
8ea.son  unfavorable, 
heason  unfavorable. 


Season  favorable. 

Season  unfavorable. 
Season  very  unfavorable. 
Season  favorable. 

Season  favorable. 

*Season  very  unfavorable. 
Season  very  unfavorable. 


Season  favorable. 
Season  unfavorable. 

Season  cold,v'ry  unf'v'ble 

Season  unfavorable. 

Season  unfavorable. 

Pair  season. 

Frost  in  June. 

Season  very  unfavorable. 

Season  very  unfavorable. 

Season  favorable. 


Season  unfavorable. 
Season  unfavorable. 

Very  cold  and  backward, 
r.old  and  backward. 
Season  unfavorable. 
Season  very  unfavorable. 


*Seed  did  not  come  up  till  July  1,  then  not  more  than  one-quarter  of  a  stand. 
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Whefe  beets  have  been  allowed  to  remain  ip  the  ground  after 
they  have  ripened  the^^  have  shown  a  marked  deterioration.  This 
is  shown  in  the  case  of  samples  2250  and  2264,  grown  b\' J.  R. 
Stevens,  of  Bridger,  and  in  2258  and  2273,  grown  by  J.  J. 
Quinlan,  while  on  the  other  hand  samples  2251  and  2287  show 
the  opposite  results,  but  in  the  latter  case  the  ground  was  ver^^ 
dry  towards  the  end  of  the  season,  and  soon  after  became  covered 
with  snow. 

While  occasional  frosts  are  experienced  after  the  crop  is  in,  the 
sugar  beet  seems  to  be  well  adapted  to  withstand  the  severity  of 
such  frosts  as  occur  during  the^rowing  season  in  Montana, 

The  Continental  Sugar  Company,  at  Fremont,  Ohio,  pays 
$4.50  a  ton  for  beets  testing  12  per  cent  sugar  and  of  a  purity  of 
80  degrees.  For  each  per  cent  of  sugar  above  12  in  the  beet  an 
additional  33V&  cents  is  paid.  I  have  calculated,  on  this  basis,  the 
return  our  Montana  farmers  would  receive  from  each  acre  of  sugar 
beets  planted,  provided  that  the  results  obtained  experimentallj' 
were  also  obtained  on  a  larger  scale.  These  figures  are  given  in 
the  tables. 

Som*^  of  the  beets  have  a  purity  of  less  than  80  percent,  and 
the  farmer  would  not  receive  for  these  as  much  as  the  table  shows. 
I  do  not  know  just  how  much  is  deducted  for  low  purit^',  so  have 
been  unable  to  substract  in  the  cases  mentioned. 

No  averages  are  attempted  this  year  because  of  the  small 
number  of  samples  analyzed. 
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THE  CODLING  MOTH. 


Carpocapsa  pomonella  Linn. 

R.  A.   COOLEY. 

Montana  now  has  not  far  from  900,000  apple  trees  growing 
within  her  borders.  Only  about  one-third  of  these  have  yet  come 
into  bearing  and  few,  if  any,  have  produced  a  maximum  crop  of 
fruit.  Notwithstanding  the  newness  of  the  industry,  the  produc- 
tion of  fruit  is  already  looked  upon  as  one  of  our  main  branches  of 
agriculture.  There  exists  complete  confidence  in  its  future,  and  its 
development  is  being  pushed  forward  with  enthusiasm. 

The  fruit  growers  have  wisely  been  looking  into  the  future,  and 
have. recognized  in  the  codling  moth  a  serious  menace  to  their  or- 
chards. Other  insects  also  have  been  recognized  as  dangerous,  and 
as  a  means  of  protection  against  all,  a  State  Board  of  Horticulture 
has  been  created,  the  duty  of  the  members  of  which  is  to  prescribe 
regulations  for  inspection  and  disinfection  of  fruits  and  nursery 
stock,  and  otherwise  afford  protection. 

Montana's  problem  with  this  insect  is,  in  some  particulars,  a 
peculiar  one.  It  has  not  yet  gained  a  footing  in  our  commercial 
orchards,  and  is  present  in  destructive  numbers  in  onh*^  a  very  few 
places,  tVie  most  important  of  which  is  Missoula  which  lies  at  the 
lower  end  of  the  Bitter  Root  vallev. 

So  far  as  the  commercial  orchards  are  concerned,  the  codling 
moth  is  not  in  Montana.  The  problem,  then,  is  the  one  of  taking 
the  greatest  possible  advantage  of  the  fortunate  conditions.     We 
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believe  that  by  vigilance  we  can  prevent  the  insect  from  getting  in- 
to full  possession  of  the  orchards,  as  it  has  done  in  many  parts  of 
the  country  where  it  is  necessary  to  use  every  means  possible  in 
order  to  get  a  remunerative  crop  of  fruit.  It  is  hoped  that  instead 
of  allowing  the  moth  to  firmly  establish  itself  and  then  trying  to 
repress  it,  we  may  be  able  to  prevent  it  from  gaining  a  foothold. 

The  present  paper  aims  only  to  discuss  the  moth  from  Mon- 
tana's standpoint.  We  believe  that  every  person  interested  in  the 
production  of  Montana's  principal  fruit,  the  apple,  should  have 
an  intimate  knowledge  of  this  insect  which  is  the  worst  pest  of  the 
apple.  Many  are  not  familiar  enough  with  the  insect  to  know  how 
serious  a  pest  it  is,  and  what  it  means  to  allow  it  to  get  into  the 
orchard. 

It  is  hoped  in  a  future  publication  to  give  a  more  elaborate  ac- 
count of  this  important  pest. 

THE  STATUS  IN  HONTANA. 

The  only  cases  of  infestation  by  the  codling  moth  in  Montana, 
known  to  the  writer,  are  here  discussed. 

As  is  now  well  known  in  the  state,  the  moth  was  found  to  be 
doing  considerable  damage  at  Missoula  in  the  summer  of  1901. 
The  situation  was  indeed  quite  serious,  but  since  the  season's  work 
of  the  Experiment  Station  and  Board  of  Horticulture,  in  co-opera- 
tion, the  cause  for  alarm  has  been  very  largely  removed.  Mr. 
Brandegee  and  the  writer  took  a  buggy  drive  up  the  Bitter  Root 
valley  from  Missoula  to  Hamilton  and  return,  for  the  express  pur- 
pose of  satisfying  ourselves  as  to  whether  or  not  themoth  is  in  the 
valley.  It  is  very  gratifying  to  report  that  we  were  unable  to  find 
a  single  example  of  the  moth  outside  of  Missoula. 

Mr.  H.  C.  B.  Colville,  while  acting  as  inspector  in  the  summer 
of  1899,  located  the  insect  at  Thompson  Falls.  The  writer  is  not 
informed  ag  to  the  condition  of  this  colony  at  the  present  time. 

Mr.  Brandegee  reports  that  the  pest  is  well  established  in  the 
home  yards  in  some  parts  of  the  city  of  Helena.  It  has  been  there 
a  number  of  years  to  his  knowledge,  and  is  very  destructive.  He 
states  that  fully  95  per  cent  of  the  fruit  in  entire  orchards  in  the 
residential  districts  was  taken  in  1902,  but  that  there  was  only 
about  one-half  a  full  crop. 
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In  August,  1900,  Mr.  Fred  Whiteside  of  Kalispell  sent 
wormy  apples  to  the  Station  asking  to  be  informed  whether  or 
not  they  were  aflFected  by  this  insect.  Upon  being  informed  that  he 
actually  had  the  moth  in  his  orchard,  he  at  once  picked  and  de- 
stroyed all  the  fruit  from  the  single  tree  known  to  be  infected,  and 
all  those  near  by.  Since  that  time  no  more  moths  have  been  seen 
in  his  orchard. 

During  the  summer  of  1902,  Mr.  O.  C.  Estey,  of  Bigfork,  in- 
spector for  the  district,  found  it  in  several  localities  in  and  near 
Kalispell.  On  August  26th  he  found  about  one-hundred  wormy 
apples  in  one  orchard.  In  two  other  orchards  he  found  one  and 
three  trees  respectively  that  were  affected.  We  are  inclined  to  be- 
lieve the  situation  at  Kalispell  to  be  serious.  Left  to  itself,  the 
moth  would  sooner  or  later  spead  to  the  surrounding  country, 

ARE  ANY  PARTS  OF  MONTANA  IMMUNE? 

Many  individuals  have  believed  that  the  climatic  conditions  of 
Montana  would  prevent  this  insect  from  ever  becoming  a  serious 
pest.  Others  have  felt  that  the  isolation  of  their  orchards  would 
make  them  immune.  We  believe  that  the  moth  is  capable'  of  be- 
coming more  or  less  destructive  in  any  climate  that  will  permit 
the  profitable  production  of  apples.  This  opinion  is  amply  borne 
out  by  the  experience  of  other  states.  Moreover,  the  fact  that  the 
moth  has  maintained  itself  so  well  in  Missoula  and  Helena  con- 
futes any  theory  of  immunity  for  places  of  similar  climate. 

It  is  true  that  widely  isolated  orchards  may  be  kept  free  for  a 
considerable  time,  perhaps  indefinitely,  if  precautions  are  taken 
against  bringing  fruit  boxes  or  other  suspected  material  to  the 
orchard. 

THE  POSSIBLE  DESTRUCTIVENESS  OF  THE  nOTH. 

It  is  a  well  established  fact  that  an  insect  pest  is  more  abund- 
ant and  destructive  under  climatic  conditions  favorable  to  its  life 
and  development,  than  outside  of  the  climatic  conditions  to  which 
it  is  adapted.    The  codling  moth  is  no  exception. 

The  United  States  has  commonly  been  divided  into  five  life 
zones  as  follows:  boreal,  transitional,  upper  sonoran,  lower  son- 
oran,  and  tropical.  These  zones  are  of  irregular  and  broken  out- 
line, and  extend  across  the  continent  from  ocean  to  ocean.    Three 
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of  them  cross  Montana;  the  boreal,  which  includes  the  mountain 
tops;  the  transitional,  which  roughly  speaking  includes  the  agri- 
cultural valleys  of  the  state,  except  those  in  the  southeast  corner, 
the  latter  being  included  in  the  upper  sonoran;  and  the  upper  son- 
oran,  which  embraces  the  southeast  corner  as  far  north  as  the 
valley  of  the  Yellowstone  river,  and  west  to  an  indefinite  line  in 
the  vicinity  of  Big  Timber. 

No  apples  are  grown  in  the  boreal  zone  in  Montana,  and  the 
moth  is  not  found  there.  It  follows,  then,  that  all  the  apples 
^rown  in  the  state,  except  in  the  southern  part,  which  at  present 
are  few,  are  in  the  transitional  zone. 

Without  going  into  the  details  we  may  sum  up  the  results  ob- 
tained by  various  investigators  in  other  states  as  follows:  While 
the  insect  is  able  to  maintain  itself,  its  injuries  vary  in  different 
years,  and  it  is  always  less  destructive  than  in  the  next  warmer 
^one,  the  upper  austral. 

Professor  Aldrich  in  Idaho  and  Professor  Piper  in  Washing- 
ton, after  careful  and  comprehensive  investigations,  report  that 
the  amount  of  destruction  varies  from  about  5  per  cent,  up  to 
about  25  per  cent.;  on  theother  hand  Professor  Gillette  of  Colorado 
reports  that  at  Fort  Collins,  which  is  in  the  same  zone,  from  35 
per  cent,  to  70  per  cent,  is  taken,  and  Professor  Cordley  has  found 
that  in  a  narrow  strip  of  the  transitional  zone,  near  the  coast  in 
Oregon,  the  moth  is  also  more  injurious. 

Under  conditions  existing  in  Montana  it  has  been  impossible 
to  gather  data  of  much  value  as  bearing  on  the  percentage  of  de- 
struction by  the  moth.  In  the  first  place  we  were  unable  to  go  into 
large  orchards  and  count  the  affected  and  clean  apples  as  the}' 
were  picked  from  the  trees,  since  the  only  infested  trees  were  in  the 
home  orchards  of  Missoula  and  vicinity.  In  the  second  place,  such 
records,  even  if  carefully  kept,  do  not  tell  the  whole  stor3^  since  the 
effect  of  the  first  brood  of  larvae  on  some  winter  varieties,  and  of 
course  on  summer  varieties,  is  to  cause  the  apple  to  drop.  They 
wither  and  disappear  before  the  harvest  and  are  therefore  not 
taken  into  reckoning  if  the  comparison  be  made  alone  on  the 
worm}'^  and  clean  fruit  at  the  time  of  harvesting. 

We  undertook  to  keep  an  accurate  record  of  the  wormy  and 
clean  fruit  in  the  cage  at  Missoula,  (described  later  in  this  paper) 
and  reached  the  following  results : 
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When  the  first  brood  of  larvae  was  coming  out  of  the  fruit  we 
counted  323  apples  on  the  tree  and  on  the  ground,  and  of  these  50 
were  wormy.  It  is  very  probable  that  a  few  more  were  wormy 
that  did  not  appear  so  at  that  time. 

On  October  5th,  we  again  counted  the  fruit  on  the  tree  and  on 
the  ground,  and  found  144  clean  and  115  wormy.  All  the  fruit 
affected  by  the  first  brood  of  larvae  dropped  to  the  ground  and 
disappeard.  If  only  50  were  taken  by  the  first  brood,  273  were 
left.  There  were  259  sound  and  wormy  apples  on  and  under  th^ 
tree  on  October  5th.  This  number  subtracted  from  273  leaves  14 
apples  which  were  either  taken  by  the  first  brood  or  dropped  on  ac- 
count of  failure  to  mature.  Because  of  the  failure  to  know  what  be- 
came of  the  14,  we  are  defeated  in  our  attempt  to  get  an  accurate 
record  of  the  percentage  of  destruction.  It  would  perhaps  have  been 
possible  if  we  could  have  put  in  an  immense  amount  of  time  and 
been  in  the  cage  every  day.  It  is  obvious  that  no  one  could  have 
prepared  an  accurate  statement  of  the  percentage  of  loss  by  a 
count  at  the  time  of  harvest  alone,  as  the  apples  destroyed  by  the 
first  brood  had  disappeared  and  only  259  apples  were  to  be  found 
as  against  323.  If  we  premise  that  the  14  apples  were  sound  we 
can  figure  that  51  per  cent,  was  taken  by  the  moth.  The  least 
percentage  of  destruction  that  we  can  calculate  therefore  is  51. 

There  are  other  facts  that  tend  to  lessen  the  value  of  estimates 
of  loss.  Unless  the  best  of  judgment  is  used  in  selecting  from  an 
orchard,  representative  trees  from  which  to  count  the  fruit,  the 
deductions  made  from  the  counts  of  a  few  trees  are  misleading. 
The  actual  number  of  apples  taken  by  the  insects  in  years  of  full 
crop  and  in  years  of  short  crop,  probably  does  not  vary  much,  yet 
in  years  of  scarcity  the  loss  is  felt  much  more  keenly. 

The  crop  in  Missoula  this  season  was  probably  a  full  one. 

With  some  misgivings  we  venture  to  state  that  the  loss  to 
whole  orchards  in  the  worst  infested  districts  has  been  not  far  from 
45  per  cent.  This  is  based  on  many  extended  examinations  in  the 
open  as  well  as  on  the  cage  experiment.  It  must  be  remembered 
that  the  insects  in  the  cage  were  protected  against  birds,  and  to 
some  extent  against  insect  enemies. 

In  response  to  a  request  for  information  of  Mr.  James  O.  Read 
and  Mr.  CM.  Allen,  as  to  the  amount  of  loss  at  Missoula  in  the 
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summer  of  1901,  we  were  informed  that  60  per  cent,  wasdestroycd, 
but  this  probably  applies  to  a  few  of  the  worst  infested  or- 
chards. Enough  is  known  to  convince  us  that  the  situation  is 
serious.  » 

We  consider  birds  to  be  great  destroyers  of  these  insects,  since 
we  have  found  very  many  cocoons  from  which  they  have  removed 
the  larvae  or  pupae.  Therefore  in  the  open  orchards  of  the  state 
where  birds  would  be  less  disturbed,  and  where,  also,  there  could  be 
fewer  places  in  which  the  larvae  might  construct  their  cocoons,  than 
in  the  city  yards  where  fences  and  other  material  furnish  suitable 
protection,  the  loss  would  be  much  less,  probably  seldom,  if  ever, 
above  35  per  cent,  for  whole  orchards. 

Along  the  valley  of  the  Yellowstone  river  from  Big  Timber  to 
the  eastern  boundary  of  the  state,  and  south  of  this  line,  the  moth 
-could  be  very  injurious.  In  the  same  zone,  the  upper  sonoran,  in 
the  states  to  the  west  of  Montana,  under  normal  conditions,  as 
high  as  100  per  cent  of  the  apples  are  damaged  where  no  protect- 
ive measures  are  employed.  Mr.  C.  B.  Simpson  has  recorded*  hav- 
ing found  ten  holes  in  a  single  apple,  and  the  remains  of  twenty- 
three  eggs  on  one  apple  and  seventeen  on  another  from  orchards 
with  but  a  little  fruit.  We  may  take  these  statements  as  indicat- 
ing the  possibilities  of  injury  in  the  same  zone  in  our  state. 

HOW  THE  CODLING  MOTH   SPREADS. 

Undoubtedly  the  most  common  means  of  spread  of  the  moth 
over  long  distances  is  in  fruit  packages.  It  is  not  strange  that  the 
insect  has  extended  itself  to  almost  every  iruit  growing  region  of 
the  world,  for  when  we  analize  horticultural  and  commercial 
practices,  we  find  a  chain  of  conditions  ahnost  perfectlj^  adapted 
to  its  spread. 

Along  with  the  development  of  a  new  agricultural  country, 
apple  growing  naturally  follows.  Young  trees  are  brought  in, 
planted,  and  cared  for  until  they  begin  to  produce  fruit.  In  the 
meantime  the  public  demands  apples,  and  the  merchant  supplies 
them,  making  use  of  the  surplus  crops  of  other  regions.  With  the 
imported  apples  are  brought  the  insects  which  were  in  fruit  as 
larvae  when  it  was  picked  from  the  trees.    These  larvae  on  reach- 
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ing  full  growth  crawl  out  of  the  fruit,  and  go  in  quest  of  a  place 
to  their  liking  in  which  to  spin  the  cocoons  which  they  occupy  dur- 
ing the  helpless  pupa  stage.  The  desired  place  is  often  found  in  an 
angleof  the  box  or  barrel,  or  under  a  cleat  or  beneath  a  board 
that  has  sprung  in  the  freight  car.  From  these  points  they  may  get 
to  the  orchard  in  various  ways.  The  packages  may  be  stored  in 
the  cellar  for  the  winter,  or  until  they  are  distributed,  and  the 
moths  developing  in  the  spring  fly  out  of  the  open  windows  and 
doors  and  seek  the  fruit  trees.  Empty  fruit  packages  are  often 
thrown  out  behind  back  buildings,  sometimes  close  by  iruit  trees. 
The  writer  once  found  an  appte  box  in  a  back  yard  in  Bozeman, 
and  on  picking  it  up  found  a  number  of  cocoons  of  the  codling 
moth  in  the  corners.  Within  thirty  feet  was  a  small  orchard  of 
apple  trees.  The  chances  were  favorable  for  the  moths  to  colonize 
in  the  orchard. 

On  leaving  the  fruit  the  larva  often  forms  its  cocoon  in  some 
material  entirely  separate  from  the  fruit  package.  The  writer  has 
found  the  cocoons  by  the  hundreds  in  freight  cars  recently  unload- 
ed of  fruit.  We  are  informed  by  Mr.  Estey  of  Bigfork,  that  the 
heart  of  the  main  colony  of  the  moth  in  Kalispell  is  within  100 
yards  of  the  side  track  of  the  Great  Northern  railroad.  It  is  very 
probable  that  this  colony  was  started  from  a  car  on  the  track. 
This  car  might  have  been  unloaded  of  its  fruit  in  almost  any  state  in 
the  country  and  yet  have  been  the  source  of  infection  at  Kalispell  for 
the  moths  would  leave  the  car  wherever  it  might  be  when  warm 
weather  had  completed  their  development,  and  meantime  the  car 
may  have  been  transferred  hundreds  of  miles.  In  the  commission 
houses  of  our  cities,  as  well  as  in  the  warehouses  of  our  grocery 
stores,  apple  boxes  are  often  stacked  up  parallel  with  many  other 
kinds  of  produce  such  as  boxed  canned  goods,  packages  of  vege- 
tables, melons,  etc.  The  larvae  may,  and  doubtless  do,  go  to  these 
other  packages  to  pupate. 

The  practice  of  buying  empty  fruit  boxes  of  the  merchants  in 
town  and  taking  them  to  the  orchards  to  be  refilled  is  "a  particu- 
larly dangerous  one,  since  the  insects  if  present,  are  taken  direct  to 
the  spot  where  they  are  most  to  be  feared. 

The  codling  moth  is  not  distributed  on  nursery  stock  unless  it 
be  through  mere  accident. 
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From  the  foregoing  it  naturally  follows  that  the  centers 
of  population  are  the  first  places  to  contract  this  pest.  These 
towns  then  become  centers  of  distribution  for  the  surround- 
ing country.  Being  provided  with  wings  the  moths  can  spread 
by  flight,  but  it  is  probable  that  by  this  means  they  do  not  travel 
far. 

One  moth  of  either  sex  is  incapable  of  starting  a  colony,  but 
those  in  one  fruit  box  may  be  sufficient  since  a  box  often  con- 
tains a  score  or  more  cocoons. 

WHAT  BESIDES  THE  APPLE  DOES  THE  nOTH  ATTACK? 

It  is  well  known  that  the  apple  is  the  principal  fruit  injured 
by  the  codling  moth.  Pears  are  affected,  but  to  less  extent.  Crab- 
apples,  quinces,  wild  haws,  stone  fruits,  rose  hips,  and  the  screw 
bean,  {Strombocarpa  monocca)  have  also  been  reported  b3^  various 
authors,  but  Mr.  Simpson  in  his  paper,  previously  mentioned, 
states  that  upon  investigation  it  was  found  that  in  every  case  of 
reported  attack  upon  stone  fruits,  the  work  had  been  found  to  be 
that  of  the  peach  twig  borer.  Mr.  Simpson  also  examined  a  large 
number  of  quinces  and  roses  without  finding  a  single  case  of 
infestation.  Notwithstanding  these  facts  it  seems  possible  that 
the  codling  moth  might  lay  its  eggs  on  some  other  of  the  rosa- 
ceous fruits  if  unable  to  find  any  of  its  favorites  and  might  possi- 
bly develop  to  maturity.  The  writer  hopes  to  be  able  to  give  some 
definite  information  on  this  point  in  a  future  paper. 

ANOTHER  INSECT  DOINQ  SIMILAR  WORK. 

On  August  28th',  while  on  the  trip  up  the  valley  of  the  Bitter 
Root,  in  company  with  Mr.  Brandegee,  as  previously  mentioned, 
the  writer  found  a  single  apple  in  a  poorly  kept  orchard  about  one 
mile  north  of  Lo  Lo,  which  upon  first  examination  seemed  to  be, 
beyond  question,  affected  by  the  codling  moth.  The  apple  was  a 
yellow  transparent  and  showed  on  its  side  the  characteristic  ap- 
pearance oT  the  entrance  opening  of  the  codling  moth.  Though 
the  apple  was  examined  closely  when  picked,  there  w^as  not  the 
slightest  doubt  in  the  mind  of  the  writer  that  the  work  was  that 
of  the  **apple  worm.'*  On  cutting  open  the  apple  later,  the  ap- 
pearance was  entirely  different  from  that  expected.  The  larva  had 
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left  but  had  made  a  fine  caliber  burrow  which  was  very  long  and 
tortuous  and  did  not  reach  the  core.  It  can  be  said  with  almost 
certainty  that  the  work  was  not  that  of  the  codling  moth. 

DISCRIPTIONS  AND  LIFE-HISTORY. 

The  larva  having  completed  its  growth  in  the  fall  of  the  year, 
leaves  the  fruit  and  goes  in  search  of  a  place  in  which  to  spin  a 
cocoon  about  itself.  By  searching  in  infested  orchards  about  the 
trunks  of  trees  that  bore  fruit  the  previous  season,  in  the  crotches 
and  under  scales  of  bark,  the  cocoons  may  be  found.  To  some  ex- 
tent, they  conform  to  the  shape  of  the  crack  or  crevice  in  which 
they  are  placed,  being  often  much  flattened. 

With  their  mandibles  the  larvae  digs  off  pieces  of  bark,  thereby 
hollowing  out  the  cavity  and  using  in  the  cocoon  the  bits  of  bark 
together  with  the  threads  they  spin  from  the  body.  Thus  the  co- 
coon is  made  to  conform  in  color  to  its  surroundings  which  is 
doubtless  some  protection  against  natural  enemies.  Many  co- 
coons are  made  in  objects  entirely  foreign  to  the  fruit  trees,  as  in 
fences,  old  rubbish,  or  any  other  material  near  at  hand  suit- 
able for  their  purpose.  They  have  been  known  also  to  enter  the 
soil  to  pupate.  Some  of  the  men  employed  to  scrape  the  trees 
at  Missoula  in  the  spring  of  1902,  reported  that  they  had  found 
cocoons  on  the  trunks  of  poplar  trees  near  the  apple  trees.  While 
there  is  chance  for  mistaken  identity  of  the  insect  in  this  case, 
there  is  no  reason  why  the  report  may  not  be  true. 

In  the  cocoon  the  insect  passes  the  winter  as  a  larva,  changing 
to  a  pupa  with  the  warm  weather  of  the  following  spring. 

THE  PUPA. 

The  pupa  is  brownish  in  color,  is  five-sixteenths  of  an  inch 
in  length  and  has  no  appendages.  After  two  or  three  weeks, 
when  the  insect  is  ready  to  emerge  as  a  moth,  it  wriggles  part 
way  out  of  the  cocoon  and  splits  on  the  back.  The  moth  crawls 
out  leaving  the  empty  pupa  skin  still  protruding  from  the  cocoon. 

THE   MOTH. 

The  moth  is  a  beautiful  little  insect  with  the  fore  wings  mark- 
ed with  many  gray  and  brown  cross  lines.  Dark  brown  spots  and 
streaks  of  orange  or  gold  occur  on  the  posterior  end  of  the  wings. 
The  hind  legs  are  grayish  brown.    Many  of  the  moths  caught  in 
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the  orchard  are  very  badly  rubbed  and  do  not  have  the  markings 
here  mentioned.  There  are  other  species,  that,  to  one  unfamiliar 
with  insects,  might  be  mistaken  for  it. 

THE  EQQ. 

The  egg  is  not  far  from  hemispherical  in  general  shape  but  has 
the  edges  flattened  out-  When  examined  from  above  or  obliquely 
it  seems  much  flattened,  and  appears  hemispherical  only  when 
"Seen  in  profile.    It  is  milk  white  in  color. 

EQG  LAYING. 

The  moths  from  the  winter  cocoons  deposit  the  eggs  which 
produce  the  first  brood  of  larvae.  The  writer's  observations  agree 
with  those  of  other  persons  who  state  that  the  eggs  are  laid  both 
on  the  leaves  and  on  the  firuit.  Throughout  the  season  more  eggs 
were  found  on  the  fruit  than  on  the  leaves.  • 

While  in  Missoula,  on  October  4th,  the  writer  wa[s  fortunate 
enough  to  see  a  moth  deposit  an  egg  on  an  apple.  This  occurred 
at  5:40  p.  m.,  the  sun  being  slightly  above  the  horizon  and  shining 
brightly  on. the  town.  Within  fifteen  minutes  after  seeing  the  egg 
deposited,  a  thermometer  was  found  and  read  at  68  degrees  F. 

The  writer  was  approaching  close  to  the  outer  and  lower 
branches  of  an  apple  tree  and  saw  a  codling  moth  flying  about 
the  leaves  and  fruit  in  a  very  purposeful  manner.  An  apple  was 
selected  and  apparently  without  any  regard  for  position  on  the 
fruit  she  stopped  and  arched  the  abdomen  down,  bringing  the  ovi- 
positor against  the  skin.  These  steps  were  distinctly  seen,  but  at 
this  point  the  moth  took  fright  and  flew  away,  going  one-third 
the  wa3^  around  the  tree,  settling  down  and  secreting  herself  in  a 
slightly  curved  leaf.  In  about  one  minute  she  started  out  again, 
of  her  own  accord,  resuming  her  purposeful  search.  She  lit  upon 
an  apple  and  at  once  arose  again,  flying  higher  in  the  tree,  still 
searching.  As  she  approached  an  apple  with  the  calyx  end  turned 
toward  her,  she  lit  upon  it,  immediately  turned  one-quarter  way 
round,  and  backed  down  into  the  depression  around  the  calj^x  till 
the  extremities  of  the  wings  touched  the  opposite  side.  She  re- 
mained motionless  for  about  thirty  seconds,  and  flew  away  to  an- 
other part  of  the  tree  and  continued  the  search.  The  writer 
climbed  into   the  tree,  picked  the  apple  and  found  the  freshly  laid 
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•egg  in  precisely  the  spot  expected.  It  was  about  one-fourth  of  an 
inch  from  the  calyx.  The  apple  bearing  this  egg  was  brought  to 
Bozeman,  and  lay  on  the  writer's  desk  until  the  morning  of  the 
16th  of  October,  when  the  egg  had  hatched  and  the  young  larva 
w^as  found  crawling  over  the  surface  of  the  apple. 

Many  observers  have  stated  that  the  eggs  are  laid  at  night 
time.  We  have  made  no  observations  on  the  point  except  the  one 
above  recorded.  In  view  of  what  had  been  written  we  were  sur- 
prised to  find  the  moth  laying  so  early  in  the  evening.  The  sun  had 
just  left  the  top  branches  of  the  tree. 

One  egg  or  many  may  be  laid  on  an  apple.  As  we  h^ve  already 
stated  Mr.  Simpson  has  found  as  high  as  23  eggs  on  one  fruit. 

DURATION  OF  EGG  STAGE. 

Direct  observations  of  various  writers  have  brought  out  the 
.  fact  that  the  duration  of  the  egg  stage  varies  with  the  temperature 
and  is  on  an  average  about  seven  or  eight  days.  They  have  been 
known  to  hatch  as  quickly  as  three  days.  The  single  egg  discussed 
by  the  writer,  hatched  in  practically  eleven  days;  but  the  con- 
ditions were  not  normal  since  the  egg  was  kept  in  doors. 

THE  LARVA. 

The  newly  hatched  larva  is  about  one-sixteenth  of  an  inch 
long,  whitish  in  color,  with  the  head,  a  shield  just  behind  it  and  a 
shield  at  the  posterior  end  of  the  body,  black.  Later  in  its  life,  the 
parts  that  were  first  black,  become  brownish. 

The  young  larva  after  a  short  period  on  the  surface  of  the  apple, 
begins  to  bore  into  the  flesh.  The  greater  part  go  in  at  the  calyx 
end,  but  many  enter  at  the  point  where  two  apples  touch  or  where 
a  leaf  is  in  contact  with  an  apple.  Others  go  in  at  the  stem  end,  or 
on  the  exposed  surface. 

Judging  from  observations  in  the  states  to  the  west  of  Mon- 
tana, the  larval  stage  in  Montana  would  be  about  24  da\'s.  The 
writer  has  made  no  complete  observations  on  this  point,  but  can 
state  definitely  that  it  is  less  than  four  weeks. 

The  last  published  records  of  Mr.  Simpson  showed  that  an 
average  of  83  per  cent,  of  the  first  brood  go  into  the  fruit  from  the 
calyx  end.  From  one  counting  at  Missoula  in  1902,  the  writer 
found  90  per  cent,  to  enter  at  this  point. 
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The  course  of  the  larva  in  the  fruit  is  more  or  less  iamiliar  to 
all.  It  bores  direct  to  the  core  and  feeds  there  on  the  seeds  and 
flesh,  making  an  irregular  cavity  which  sometimes  extends  some 
distance  from  the  core.  The  filthy  frass  is  cast  out  of  the  opening 
on  the  surface,  and  remains  there,  matted  together  by  the  silken 
threads,  until  the  larva  pushes  it  off  in  leaving  the  fruit. 

The  larvae  of  the  first  brood,  as  well  as  those  of  the  second,, 
spin  cocoons  in  which  to  pupate.  The  cocoons  constructed  by  the 
first  brood  larvae  are  said  to  be  thinner  and  less  substantial  than 
those  in  which  the  larvae  pass  the  winter.  The  moths  produced 
from  the  first  brood  larVae  deposit  the  eggs  for  the  second  brood. 

THE  OUT-OF-DOOR  CAGE  AT  MISSOULA. 

Realizing  that  a  knowledge  of  the  life-history  and  habits  of 
this  insect  is  basic  to  all  rational  measures  against  it,  whether 
remedial  or  preventive,  an  attempt  was  made  to  gather  all  the  in- 
formation possible  along  these  lines.  The  information  gained  thus 
far,  while  of  considerable  value,  is  in  nowise  complete.  We  hope  to 
continue  the  studies  as  long  as  results  of  economic  value  are  pro- 
duced. 

For  the  purpose  of  affording  an  opportunity  for  study  of  the 
habits  of  the  moth  under  normal  conditions  in  Missoula  a  cage  was 
made  enclosing  an  entire  tree.  This  cage  is  twelve  feet  square 
and  twelve  feet  high,  and  is  constructed  of  medium  quality  of 
lumber  and  wire  mosquito  netting.  Along  the  square  from  comer 
to  corner  a  wide  board  was  settled  into  the  earth  with  the  top 
edge  exposed  above  the  surface,  to  which  is  fastened  the  netting. 
The  door  shuts  against  packing  and  is  held  close  by  buttons.  Out- 
side the  cage  is  a  thirteen  stranded  barbed-wire  fence  which  is 
angled  at  the  top  making  it  fairly  proof  against  boys.  The  door 
and  gate  through  the  wire  fence  are  kept  locked. 

Repeated  comparison  of  the  temperature  inside  and  outside  the 
cage  failed  to  show  any  constant  difference. 

The  details  of  the  experiment  and  the  results  are  mingled  with 
the  discussions  that  follow. 

DISCUSSION  ON  THE  NUMBER  OF  BROODS,  ETC. 

On  May  31st,  eighteen  cocoons  and  two  moths  were  placed  in 
the  cage  at  Missoula.    The  cocoons  for  this  purpose  were  secured 
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from  Professor  A.  B.  Cordley,  who  kindly  arranged  to  have  his 
students  collect  them  for  us.  We  are  aware  that  there  is  a  possi-' 
bility  that  the  results  might  be  considered  less  reliable  than  if  the 
insects  had  been  secured  locally.  However,  it  was  planned  to  con- 
tinue the  experiment  for  a  number  of  years  and  we  believe  that  in 
the  future  the  results  will  be  reliable. 

Moreover  the  closest  examination  failed  to  reveal  any  differ- 
■encc  in  forwardness  of  development  inside  and  outside  the  cage. 
In  all  probabilities  the  insects  placed  in  the  cage  lay  dormant  un- 
til those  outside  began  to  develop,  and  developed  parallel  with 
them. 

Missoula  is  222  miles  west  of  Bozeman  on  the  line  of  the 
Northern  Pacific  railroad,  and  on  account  of  the  distance,  trips  to 
the  cage  were  not  very  frequent,  but  by  carefully  timing  the  visits 
and  by  use  of  local  assistance  much  information  was  obtained. 

On  June  18th  one  egg  was  found  in  the  cage  and  a  number 
more  on  various  trees  outside.  Many  of  the  moths  had  come  out, 
but  not  all. 

On  July  10th,  the  occasion  of  the  third  visit,  all  the  moths  had 
emerged  and  three  young  larvae  were  found  just  beneath  the  skins 
of  the  apples:  Eggs  were  fairly  common.  A  few  very  badly  rubbed 
moths  were  found,  which,  though  of  the  correct  size  for  the  codling 
moth,  may  have  been  some  other  species.  The  insects  were  also 
found  plentifully  outside  of  the  cage,  either  in  the  egg  stage  or 
having  been  in  the  fruit  a  few  days. 

On  August  8th,  9th,  and  10th,  the  larvae  were  coming  out  of 
the  fruit.  Some  had  evidently  come  out  a  few  days  earlier  and 
some  of  what  appeared  to  be  the  first  brood  were  still  in  the  ap- 
ples. These  ranged  all  the  way  from  half  grown  to  full  sized  larvae. 

On  August  11th  many  cocoons  were  found  in  the  open  orch- 
ards and  about  one-half  of  the  larvae  had  pupated.  Two  empty 
pupa  cases  were  found  protruding  from  cocoons,  and  fresh  looking 
adult  moths.    A  few  newly  hatched  larvae  were  seen. 

We  believe  that  about  August  10th  marked  the  beginning  of 
the  second  brood  of  larvae. 

On  August  27th,  insects  were  found  in  all  stages,  but  it  was 
noticeable  that  there  were  fewer  moths  and  inhabited  cocoons 
than  on  August  10th.    As  later  developments  show  there  were 
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many  larvae  in  the  fruit  at  this  date  but  there  were  few  outward 
indications.  One  might  almost  have  thought  that  the  trees  were 
practically  free  from  moth. 

On  October  5th,  the  appearance  was  very  different.  Many 
wormy  apples  vacated  by  the  larvae  were  in  evidence.  The  second 
brood  of  larvae  had  plainly  left  the  fruit,  though  a  few  were  to  be 
found  still  feeding. 

It  was  on  this  date,  as  previously  stated,  that  the  moth  was 
seen  to  deposit  the  egg.    Six  other  eggs  were  found  in  the  same 
orchard  this  date  without  difficulty,  and  a  number  of  moths  were 
seen.    We  are  inclined  to  consider  these  late  moths  as  stragglers  of 
the  second  brood. 

To  summarize,  we  may  say  that  at  Missoula  in  the  summer  of 
1902  there  were  two  broods  of  the  codling  moth  and  probably  no 
more.  The  first  brood  began  to  go  into  the  fruit  about  the  18th. 
of  June,  and  the  second  brood  about  August  10th. 

RECOMMENDATIONS. 

It  would  be  out  of  place  in  the  present  paper  to  enter  a  lengthy 
discussion  of  the  most  approved  means  of  combating  the  codling^ 
moth,  for  the  general  public  is  not  yet  called  upon  to  employ  such 
means. 

Such  protective  measures  as  may  be  employed  to  enable  us  to 
retain  our  present  advantage  over  the  moth  may  well  be  con- 
sidered. 

It  is  desirable  to  continue  the  work  at  Missoula  in  order  to 
keep  at  a  minimum  the  chances  of  infection  of  the  surroundings 
country  and  the  valleys  of  the  Bitter  Root  river  and  Rattlesnake 
creek.  The  situation  at  Kalispell  should  also  be  thoroughly  looked 
into  and  as  energetic  means  employed  there  as  at  Missoula. 

We  believe  that  since  we  know  when  the  diflferent  broods  begin 
to  enter  the  fruit  at  Missoula,  we  can  make  good  use  of  insecti- 
cides. Much  advantage  could  be  gained  by  again  banding  the 
trees.  Much  good  was  accomplished  with  bands  during  the  past 
season.  In  this  way  many  of  the  insects  that  escaped  the  poison 
were  captured. 

We  recommend  the  use  of  Paris  green  as  an  insecticide  with 
the  usual  addition  of  lime. 


/ 
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On  August  23rd,  an  apple  tree  was  selected  from  the  Experi- 
ment Station  orchard  at  Bozeman,  and  sprayed  with  a  Bowker 
preparation  of  arsenate  of  lead  at  the  rate  of  three  pounds  to  fifty 
gallons  of  water,  which  is  the  strength  recommended  by  the  Bow- 
ker Insecticide  Company. 

The  application  was  made  personally  by  the  writer  and  care 
was  taken  to  spray  thoroughly  and  yet  not  over  spray. 

At  the  time  of  fall  harvesting,  the  apples  w^ere  picked  and  part 
of  them  handed  over  to  the  Station  chemist,  Dr.  F.  W.  Traphagen, 
to  be  tested  for  arsenic.  Before  harvesting  considerable  rain  fell. 
Below  is  the  report  that  Dr.  Traphagen  made: 

Prof.  R.  A.  Cooley, 

Montana  Experiment  Station,  Bozeman,  Mont. 

Dear  Sir:  Following  are  the  results  obtained  in  the  analysis 
of  the  apples  you  submitted  to  me  some  time  ago: 

Number  of  apples 14 

Total  weight '. 41.5  oz. 

Average  weight 3.0  oz.    (scant) 

Total  lead  arsenate  obtained  from  apples..      .166  grains 

Equivalent  to  metallic  lead .115  grains 

Equivalent  to  arsenic  oxide 031  grains 

While  the  amounts  of  poisonous  substances  found  on  these  ap- 
ples is  not  great,  they  are  probably  dangerous,  from  the  fact  that 
lead  is  a  cumulative  poison  and  that  the  presence  in  food  or  water 
of  relatively  smaller  qualities  than  that  present  in  these  apples,  is 
looked  upon  with  grave  suspicions  b}'  those  who  have  given  these 
questions  careful  consideration. 

The  arsenic,  occurring  in  smaller  quantities,  adds  also  to  the 
element  of  danger  which  would  be  introduced  into  our  daily  lives 
by  using  arsenate  of  lead  for  spraying  apple  trees  under  the  con- 
dition of  your  experiment. 

It  seems  to  me  that  the  amount  remaining  upon  the  apples 
could  be  very  greatly  reduced  by  spraying  at  an  earlier  period, 
when  the  apples  were  small  or  even  when  in  the  bud. 

Experiments  on  spraying  at  different  periods  would  seem  to  be 
indicated  by  results  obtained  in  these  tests. 

Yours  truly, 

F.  W.  TRAPHAGEN. 
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The  writer  was  somewhat  surprised  to  get  this  report  of  pos- 
sible danger  from  the  use  of  arsenate  of  lead  and  we  intend  to  make 
more  extended  investigations. 

One  of  the  advantages  of  arsenate  of  lead  over  Paris  green,  a§ 
an  insecticide,  is  that  it  forms  a  film  of  tjie  poison  over  the  fruit 
and  foliage  that  is  not  easily  removed  by  rains.  It  has  been  felt 
that  this  would  be  particularly  useful  against  the  codling  moth 
since  the  eggs  hatch  and  the  larvae  evter  the  fruit  over  such  a  long 
period  of  time.  Uniform  success  has  attended  its  use  in  some  of 
the  eastern  states. 

We  still  feel  that  early  spraying  with  arsenate  of  lead  would  be 
.more  desirable  than  with  Paris  green. 

We  are  indebted  to  Professor  M.  J.  Elrod  of  Missoula  and  Mr. 
H.  B.  Dick  of  Kalispell  for  weather  records  that  have  been  of  much 
value  to  us  in  our  work. 
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DUTY  OF  WATER  IN   MONTANA. 


BY  S.   F9BTIEB. 


INTRODUCTION. 


This  is  the  second  of  a  series  of  farmers'  bulletins  on  irrigation 
topics. 

The  results  herein  summarized,  together  with  additional  informa- 
tion which  will  appear  in  subeiequent  publications,  represent  the  jc^t 
efforts  of  the  Office  of  Experiment  Stations  of  the  Department  of 
Agriculture  and  this  Station.  The  funds  required  to  carry  on  the 
work  have  been  obtained  from  the  State  of  Montana,  the  Department 
of  Agriculture  and  this  Experiment  Station. 

The  general  features  of  all  the  irrigation  investigations  conducted 
by  this  Station  during  the  past  four  years  have  been  ably  planned 
and  supervised  by  Professor  Elwood  Mead.  During  the  past  season 
Mr.  Arthur  P.  Stover,  an  assistant  under  Professor  Mead,  was  in  direct 
charge  of  much  of  the  field  work.  The  writer  desires  also  to  acknowl- 
edge the  valuable  assistance  rendered  in  both  field  and  office  by  the 
senior  students  in  civil  engineering  of  the  Montana  Agricultural 
College. 

DUTY    OF    1¥ATX:R« 

The  word  "duty"  is  used  in  a  variety  of  ways.  In  irrigation  it 
shows  the  relation  between  the  amount  of  water  used  and  the  area  of 
land  on  which  it  is  applied.  This  relation  may  be  expressed  in  sev- 
eral ways.  The  units  most  frequently  used  are  a  miner's  inch  of 
water  and  an  acre  of  land.  The  duty  of  water  may  be  hip^h  or  low, 
depending  on  the  quantity  used  on  a  given  area.  In  Southern  Cali- 
fornia, where  water  is  costly,  one  miner's  inch   irrigates  on  an  average 
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five  acres  of  land.  This  is  considered  a  high  duty,  and  is  rendered 
possible  by  preventing  waste  and  in  skillful  use.  In  certain  sections 
of  Montana  rind  the  Rocky  Mountain  States  the  duty  of  water  is  only 
one  inch  per  acre.  This  large  amount  of  water  is  frequently  required 
for  new  land  with  a  dry  subsoil.  When,  however,  this  amount  is  used 
on  the  same  fields  for  fifteen  or  twenty  seasons  in  succession,  it  shows 
that  a  large  percentage  is  wasted. 

The  duty  of  water  may  also  be  expressed  in  cubic  feet  per  second 
and  acres.  In  1890  the  legislative  assembly  of  Wyoming  fixed  tfce 
maximum  amount  of  water  that  could  be  legally  applied  in  irrigation 
in  that  state  by  providing  "That  no  allotment  shall  exceed  one  cubic 
foot  per  second  for  each  seventy  acres  of  land."  From  1890  to  1900 
the  duty  of  water  under  the  Bear  River  Canal  system  in  Northern 
Utah  was  one  cubic  foot  per  second  for  each  eighty-acre  tract.  This 
duty  corresponds  to  one  Montana  miner's  inch  for  two  acres. 

In  the  opinion  of  the  writer,  there  is  a  better  way  to  express  duty 
of  water  than  by  either  the  miner's  inch  or  the  cubic  foot  per  second. 
By  both  of  these  methods  one  is  left  in  doubt  as  to  the  volume  actually 
applied.  In  both,  the  flow  of  the  irrigation  stream  is  assumed  to  be 
continuous,  and  the  amount  of  water  used  will  depend  quite  as  much 
on  the  length  of  the  irrigation  season  as  on  the  size  of  the  stream. 
Fifty  miner's  inches  flowing  for  eighty  days  is  equivalent  in  volume 
to  one  hundred  miner's  inches  flowing  for  forty  days.  It  is  thus 
obvious  thai  the  length  of  the  irrigation  season  must  be  fixed  before 
the  duty  can  be  ascertained.  It  seldom  happens  that  water  is  used 
for  the  same  number  of  days  in  any  two  counties,  or  even  precincts; 
hence  the  difficulty  in  ascertaining  the  duty  when  it  is  expressed  in 
acres,  per  miner's  inch  or  cubic  foot.  The  better  way,  it  seems  to  the 
writer,  is  to  determine  the  quantity  of  water  applied  to  a  particular 
field,  farm  or  district. 

Rainfall  is  measured  in  depth  over  the  surface  on  which  it  falls, 
and  since  irrigation  is  intended  to  supplement  the  natural  rainfall 
there  is  no  good  reason  why  it  should  not  be  measured  in  a  similar 
manner.  Rain  and  snow  are  usually  measured  in  inches,  but  in 
expressing  duty  of  water  the   foot   and   fractions  of  a  foot  are  used 
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instead.  When  the  quantity  of  water  used  is  stated,  it  is  expressed 
either  in  feet  over  the  surface  or  in  acre-feet.  An  acre-foot  is  that 
amount  of  water  which  will  cover  an  acre  to  the  depth  of  one  foot. 
In  Montana  the  average  rainfall  during  the  crop  growing  season  is 
over  six  inches.  We  will  assume  that  twenty-four  inches  is  added  by 
human  effort,  making  a  total  of  thirty  inches,  or  two  and  one-half 
acre-feet.  This  is  considerably  greater  than  the  natural  supply  of  the 
humid  East  during  the  summer  season. 

ASCERTAINING    THB    DUTY    OF    1¥AT£R. 

At  first'  thought,  it  seems  easy  to  ascertain  the  duty  of  water. 
Only  two  things  are  necessary — the  area  of  land  irrigated  and  the 
amount  of  water  applied.  In  actual  practice  it  is  not  so  easy.  The 
flow  of  the  irrigation  stream,  ditch  or  canal  flujtuates — it  is  seldom 
the  same  for  any  two  consecutive  hours  of  the  day.  This  necessitates 
constant  observations  at  the  place  of  measurement  or  the  introduction 
of  scientific  apparatus  which  will  record  every  change  in  volume. 
Then  again,  much  depends  on  where  the  water  used  in  irrigation  is 
measured.  If  it  were  conveyed  in  a  tight  pipe,  there  would  be  no 
loss,  and  the  amount  entering  the  intake  would  correspond  with  that 
delivered  at  the  lower  end.  Usually  the  water  is  conveyed  in  an 
earthen  channel,  and  for  every  hundred  miner's  inches  diverted  from 
the  natural  stream,  only  sixty  may  be  delivered,  the  remaining  forty 
inches  being  lost  along  the  route  by  seepage,  evaporation  und  leakage. 
In  the  results  herein  given,  the  duty  of  water  under  the  canals  was 
found  by  measuring  the  amount  of  water  which  passed  through  the 
headgates.  On  each  of  the  field  tests,  the  water  was  measured  as  it 
entered  the  highest  part  of  the  field.  The  latter  averaged  about 
eighteen  inches  in  depth  over  the  surface,  while  the  former  averaged 
nearly  forty-seven  inches. 

CONDITIONS    AFFECTING    DUTY    OF    1¥AT£R. 

It  is  well  known  that  the  amount  of  water  used  in  irrigation  dif- 
fers. One-half  of  a  quarter  section  of  j^land  may  require  much  more 
water  than  the  other  half.     No  two  irrigated  valleys  within  the  borders 
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of  a  state  have  similar  physical  conditions,  and  each  arid  state,  or 
territory,  has  its  own  peculiar  characteristics  as  regards  water  for 
irrigation.  In  a  practical  publication  of  this  kind  it  may  not  be  out 
of  place  to  outline  briefly  the  chief  conditions  which  aflFect  the  duty  of 
water: 

(1)  Losses  in  conveyance. — The  quantity  of  water  delivered  to 
the  farmers  is  frequently  only  one-half  that  taken  from  the  stream. 
The  various  losses  due  to  seepage,  evaporation  and  leakage  in  the  main 
canal  and  laterals  cause  this  large  reduction.  The  attention  of  the 
farmers  of  Montana  is  earnestly  called  to  this  fact  on  account  of  the 
large  financial  loss  entailed.  The  writer  does  not  wish  to  imply  thai 
all  of  this  loss  can  be  prevented,  but  he  is  convinced  that  a  large  per- 
centage might  be  saved  at  comparatively  small  cost. 

(2)  Climatic  conditions.— Of  these,  rainfall  is  perhaps  the  most 
important.  The  average  annual  precipitation  for  Montana  is  between 
fourteen  and  fifteen  inches.  The  months  of  greatest  precipitation  are 
April,  May  and  June,  the  period  when  moisture  is  needed  to  mature 
crops.  In  the  following  tables  it  will  be  noticed  that  the  rainfall 
varies  from  1^  to  9^  inches  and  averages  5{  inches.  This  amount 
of  moisture  in  the  case  of  the  field  tests  forms  on  an  average  30  per 
cent  of  the  total  amount  of  water  applied  to  the  crops. 

In  the  cplder  arid  states  the  season  is  shorter  and  irrigation  is 
practiced  only  a  short  period  in  summer;  while  farther  south,  as  for 
example  in  Arizona,  water  for  irrigation  may  be  used  throughout 
three-fourths  of  the  year.  Then,  too.  evaporation  is  affected  by  tem- 
perature, wind,  etc.,  and  in  a  region  of  high  temperatures,  or  hot,  dry 
winds,  or  both,  the  consequent  loss  of  water  by  evaporation  is  great. 

(3)  Diversified  fabminq. — A  fanner  whose  cultivated  crops  are 
confined  to  such  cereals  as  oats,  wheat  and  barley  cannot  make  the 
most  of  his  water  supply.  Such  crops  may  require  a  large  amount  of 
water  from  the  time  the  plants  cover  the  ground  until  the  grain  is 
well  headed  out,  but  this  period  is  limited  to  from  thirty  to  fifty  days. 
The  man  who  raises  grain  only  has  no  further  use  for  irrigation  water 
during  that  season.  When  diversified  crops,  such  as  alfalfa,  clover, 
grain,  roots  and  fruit  are  grown  it  is  possible  to  increase  the  area 
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without   increasing  the  amount  of  water  used,  and  so  obtain  a  higher 
duty. 

(4)  Time  rotation. — The  prevailing  custom  in  several  states  and 
territories  of  the  arid  West  is  to  apportion  water  by  the  time  method 
instead  of  in  continuous  streams.  In  the  case  of  small  holdings  in 
particular,  water  can  be  more  economically  used  in  a  proper  system 
of  time  rotation.  The  work  can  be  better  done  and  at  less  cost  than 
where  a  small  stream  is  used  continuously. 

(5)  Manner  of  paying  for  water.— A  canal  corporation,  which 
<;onveys  water  to  distribute  to  farmers  for  a  fixed  rental  usually  sells  a 
water  right  for  a  certain  tract  of  land.  The  purchaser,  by  the  terms 
of  his  contract  is  compelled  to  use  his  allotted  share  of  water  on  the 
tract  for  which  a  water  right  has  been  purchased  and  not  elsewhere. 
If  the  user  were  granted  permission  to  buy  water  by  volume  from  the 
canal  company  and  to  use  it  wherever  he  pleased  a  much  greater  econ- 
omy in  its  use  would  result. 

(6)  Judicial  decrees  for  excessive  amounts.— For  the  most 
I)art  the  volumes  of  water  used  in  irrigation  are  unknown.  As  a  rule 
fQW  ditches  or  canals  are  measured  until  after  the  owners  are  threat- 
ened with  litigation.  Then  there  is  great  inducement  for  all  parties 
concerned  to  try  to  magnify  both  the  amount  diverted  and  the  extent 
of  the  land  irrigated.  When  a  witness  does  not  know  the  capacity  of  a 
ditch,  and  it  is  to  his  interests  to  make  it  appear  to  be  large,  his  testi- 
mony has  usually  a  decided  bias  in  that  direction.  When  no  reliable 
measurements  of  ditches  have  been  made,  water  right  cases  can  only 
be  decided  on  the  testimony  submitted  and  this  acoounts  for  the  many 
recorded  cases  in  which  excessive  amounts  have  been  decreed. 

(7)  Cultivation  and  grading. — The  proper  cultivation  of  the  soil 
id  necessary,  in  both  humid  and  arid  climates.  Cultivated  plants  require 
a  finely  pulverized  soil.  In  regions  deficient  in  rainfall,  thorough  cul- 
tivation serves  to  retain  the  moisture,  by  lessening  the  amount  of  evap- 
oration. Grading  is  even  more  important.  To  irrigate  land  that  has 
a  rough,  uneven  surface,  not  leveled  to  a  uniform  grade,  is  frequently  the 
cause  of  much  waste  of  water,  extra  labor,  small  crops  and  eventually 
damaged  land. 
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(8)  Kind  of  crop. — The  proper  percentage  of  moisture  in  the 
soil  does  not  differ  much  for  the  common  cultivated  plants.  Some 
crops  require  more  water  than  others  but  this  difference  is  due  chiefly 
to  a  longer  period  of  growth  or  to  the  time  when  water  is  needed. 
Barley,  for  instance  will  mature  in  three  and  one-half  months,  while 
sugar  beets  require  a  month  longer.  Again  it  is  often  difficult  to 
obtain  sufficient  water  to  irrigate  root  crops,  vegetables  and  occasion- 
ally orchards.  This  does  not  arise  from  the  fact  that  a  larger  supply 
is  required  but  it  is  due  to  the  time  of  irrigation,  the  last  irrigation  be- 
ing usually  applied  late  in  the  season,  when  the  flow  of  natural  streams 
is  low. 

(9)  Manner  of  Irrigating— The  duty  of  water  depends  to  a  great 
extent  on  the  skill  and  attention  of  the  irrigator  as  well  as  on  the  way 
it  is  distributed  over  the  field.  Where  flooding  is  practiced,  much 
depends  on  the  location  and  grade  of  the  field  laterals  as  well  as  the 
direction  of  the  seed  drills.  In  Montana  a  large  percentage  of  the  water 
conveyed  to  the  irrigated  fields  is  wasted  in  the  midnight  hours  when 
there  is  no  one  to  look  after  it. 

(10)  Character  of  the  soil  and  subsoil. — A  coarse  sandy  or 
gravelly  soil  requires  much  more  water  than  a  heavy,  clay  soil.  When 
the  upper  layer  is  porous  and  the  subsoil  impervious,  the  conditions 
are  favorable  for  sub-irrigation  in  which  case  a  small  amount  of  water 
may  irrigate  a  large  area.  On  the  other  hand  the  top  layer  of  soil  may 
be  underlaid  by  gravel  wash.  Such  formations  require  an  abundant 
supply  of  water. 

(11)  The  GROUND  WATER  LEVEL. — In  some  localities  the  water  in 
wells  will  rise  near  the  surface  during  the  latter  part  of  the  irrigation 
season.  This  indicates  that  the  subsoil  is  completely  saturated  and 
that  the  minimum  amount  of  water  should  be  applied  in  irrigation. 
To  over-irrigate  such  tracts  would  result  in  damage  to  both  crops  and 
soil. 

(12)  The  cjonfiguration  of  the  surface. — An  even  uniform 
slope,  neither  too  steep  nor  too  flat,  is  one  of  the  most  favorable  con- 
ditions for  the  economic  use  of  water.  Tracts  that  are  traversed  \*y 
ravines  or  other  irregular  formations,  are  not  only  diflBcult  to  irrigate 
but  the  waste  of  water  is  usually  considerable. 
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THX:    IMPORTANCE    OF    A     KNOIVI^EDGX:    OF    THE 

DUTY  OF  1¥ATX:R« 

A  knowledge  of  the  service  or  duty  of  water  is  necessary  in  all 
irrigated  r^ons.  It  has  always  been  regarded  as  one  of  the  essentials 
in  irrigation.  As  mral  communities  increase  in  population  the  extent 
of  the  cxdtivated  area  is  also  increased,  new  ditches  are  excavated  and 
the  capacities  of  old  channels  are  enlarged  imtil  a  time  comes 
when  the  natural  streams  are  overtaxed  and  disputes  arise  as  to  the 
rights  of  each  claimant.  Such  controversies  can  only  be  settled  on 
the  amount  of  water  required  to  mature  crops. 

The  farmer  knows  how  much  seed  to  sow  for  each  kind  of  crop. 
He  should  also  know  how  much  water  to  apply.  Without  this  know- 
ledge farming  operations  cannot  be  economically  planned  or  carried  on. 
The  farmer  who  buys  100  miners'  inches  from  a  canal  company,  but  is 
ignorant  of  how  many  acres  this  supply  will  irrigate  is  handicapped. 

When  farmers  unite  in  co-operative  undertakings,  the  location, 
extent  and  character  of  the  land  to  be  reclaimed  are  usually  familiar  to 
all.  The  puzzling  questions  to  such  parties  are  the  amount  of  water 
required  and  the  size  of  the  ditch  to  convey  it.  The  same  problem 
confronts  the  officers  of  the  large  capitalistic  canal.  The  expenditures 
may  be  large  and  an  error  in  the  estimate  of  the  amount  of  water  re- 
quired may  entail  heavy  losses. 

In  the  near  future  the  Federal  Government  will  expend  in  all 
probability,  several  million  dollars  in  this  state  on  irrigation  canals  and 
storage  reservoirs.  In  such  large  enterprises  the  area  of  land  which  a 
standard  unit  of  flowing  water  will  irrigate  is  one  of  great  importance. 
/  And  finally,  without  a  knowledge  of  the  duty  of  water,  it  is  im- 
possible to  determine  equitably  rights  to  its  use.  When  a  court,  owing 
to  a  wrong  conception  of  the  quantity  of  water  required,  grants  to  an 
individual  or  corporation,  three  or  four  times  more  than  he  can  use,  it 
not  only  deprives  other  settlers  of  a  much  needed  supply  but  the  appli- 
cation of  so  much  water  tends  to  convert  good  land  into  lx)gs  and 
marshes. 

AMOUNT  OF   1¥ATX:R  USED 

In  all  of  the  experiments  made  to  ascertain  the  duty  of  water,  the 
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results  of  which  are  herein  briefly  recorded,  no  attempt  was  made  to 
control  or  limit  the  amount  used.'  The  proprietor  of  the  field  or  farm, 
or  his  employe,  was  free  to  turn  on  as  much  water  as  he  considered 
necessary.  A  part  of  the  supply  usually  flowed  oflf  the  field,  or  was 
otherwise  wasted,  but  no  deduction  was  made  for  this  waste.  The 
total  amount  entering  the  highest  part  of  the  field  was  measured  by 
means  of  a  trapezoidal  weir  or  other  devise  and  the  area  under  crop  in- 
cluding the  space  occupied  by  the  feed  ditches  and  laterals  was  sur- 
veyed in  the  ordinary  manner.  From  this  information  the  depth  of 
water  over  the  surface  irrigated  was  ascertained.  This  depth  over  the 
surface  in  the  46  field  tests  varied  from  a  trifle  more  than  four  inches 
(.35  feet)  to  over  seventy-two  inches  (6.06  feet)  and  averaged  eighteen 
inches  or  one  and  one-half  acre-feet  per  acre  irrigated. 

In  Table  No.  1,  the  duty  is  expressed  in  acres  per  miner's  inch, 
the  lowest  duty  was  at  the  rate  of  one  miner's  inch  per  acre  and  the 
highest  duty  was  one  miner's  inch  for  13  acres.  The  average  of  all  the 
46  experiments  conducted  outfields  was  at  the  rate  of  one  miner's  inch; 
for  3.7  acres.  In  another  column  of  the  same  table  the  duty  is  ex- 
pressed in  acres  per  cubic  foot  per  second.  The  average  number  of 
acres  irrigated  per  cubic  foot  per  second  was  142. 

There  is  much  more  water  used  per  acre  under  the  canals.  In 
seven  canals,  the  results  of  which  are  given  in  this  publication,  the 
combined  area  is  41466  acres  and  the  average  depth  of  water  applied 
over  this  surface  was  3.9  feet,  or  nearly  47  inches:  Under  this  duty 
one  cubic  foot  per  second  would  irrigate  about  80  acres  and  one  Mon- 
tana miner's  inch,  2  acres. 

TABI^ES  AND  II^I^USTRATIONS. 

Space  would  not  permit  a  description  of  each  experiment.  It  was 
necessary  to  state  the  facts  in  the  briefest  possible  manner.  The 
chief  results  have  accordingly  been  presented  in  the  form  of  tabulated 
statements.  And  since  the  main  purpose  of  the  bulletin  is  to  show 
the  amount  of  water  used  in  irrigation  it  was  deemed  advisable  to 
represent  this  quantity  by  diagram  as  well  as  by  figures.  In  each  of 
the  46  experiments  conducted  on  fields  there  is  inserted  a  small  illus- 
tration to  the  left  of  the  statement.    This  is  drawn  on  a  scale  of  one 
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inch  to  the  foot  and  shows  graphically  the  quantity  of  water  applied  in 
irrigation  as  weU  as  the  rainfall.  The  dark  portion  represents  the 
amount  received  in  irrigation,  the  light  portion,  the  amount  receiyed 
in  rainfall. 

In  experiment  No.  1,  for  instance,  the  reader  who  glances  at  the 
diagram  observes  that  more  than  two-thirds  of  the  total  amount  of 
water  received  is  from  irrigation.  If  he  wishes  the  exact  figures,  the 
statement  shows  that  1.02  feet,  or  12^  inches,  was  spread  over  the 
entire  surface  of  a  31-acre  clover  field  and  that  the  amount  of  rain 
which  fell  on  the  same  surface  during  the  period  of  growth  was  .44 
feet,  or  5J  inches. 

The  duty  of  water  imder  the  canals  for  1902  is  illustrated  by 
the  plates,  which  are  modeled  after  those  in  Bulletin  No.  86,  U.  S. 
Department  of  Agriculture.  The  dark  portion  of  the  main  illustration 
shows  when  the  water  began  to  be  used,  the  daily  amount  and  the  end 
of  the  irrigation  season.  The  smaller  cut  to  the  right  shows  the  duty 
of  water  for  each  month  as  well  as  the  rainfall  for  the  same  period. 
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Cxperlmant  No.  1. 

Location  Qallatin  Valley- 
Crop  Clover. 

Yield  per  acre 3  tons. 

Nature  of  soil Clay  loam. 

Area 31  acres. 

Date  of  first  irrigation June  17-22. 

Date  of  second  irrigatioo July  26-AuK.  2. 

Average  head  of  water  used 1.54  cu.  ft.  per  sec 

Depth  of  wat«r  applied 1,02  ft. 

Rainfall 44  ft. 

Total  depth  of  waUr  received. .  1,46  ft. 


Expttritn«nt  No.  3. 

IJocatioD Gallatin  Valley^ 

Yield  per  acre 31.25  bushels. 

Nature  of  soil Clay  loam. 

Area 4.2.3  acres. 

Date  of  first  irrigation June  28. 

Date  of  second  irriRation July  11-12. 

Average  head  of  water  need 1.28  cu.  ft.  per  sec. 

Depth  of  water  applied 1.10  ft. 

Rainfall 41  ft. 

Total  depth _of  water  received. .  1.51  ft. 
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Experiment  No.  3. 

Location Gallatin  Valley. 

Crop Grain. 

Yield  per  acre 57.89  bushels. 

Nature  of  soil Loam. 

Area 11.27  acres. 

Date  of  first  irrigation June  23-27. 

Date  of  second  irrigation July  12-14. 

Average  head  of  water  used 1.81  cu.  ft.  per  sec. 

Depth  of  water  applied 1.98  ft. 

Rainfall 0.42  ft. 

Total  depth  of  water  received . .  2.40  ft. 


£ 
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Experiment  No.  4* 

Location Gallatin  Valley. 

Crop.  .^ Barley. 

Yield  per  acre 73  bushels. 

Nature  of  soil Loam. 

Area 66.39  acres. 

Date  of  first  irrigation July  5-1.3. 

Average  head  of  water  used 4.04  cu.  ft.  per  sec. 

Depth  of  water  applied 0.98  ft. 

Rainfall 0.41ft. 

Total  depth  of  water  received. .  1.39  ft. 
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Experiment  No.  5- 

Locatioo Gallatin  Vaile;. 

Crop Oate. 

Yield  per  acre. 51  busbelB. 

Nature  of  Soil CUy  loam. 

Area 23.0.  acree. 

Dat«  of  first   irrigRtioD July  13-18 

Average  feed  of  water  used 3.54  cu,  ft.  per  sec. 

Depth  of  water  applied L53  ft 

Rainfall 38  ft. 

Total  depth  of  water  received. .  1.91  ft. 


Experiment  No.  6. 

Location Oallatin  Valley. 

Crop Oats. 

Yield  per  acre 72.75  bushels. 

Natureof  Soil Clay  loam. 

Area 7.26  acrea. 

Date  of  flret  irrigation July  6-7. 

Date  of  second  irrigation July  22-24. 

Average  head  of  water  used 1.58  cu,  ft,  per  sec 

Depth  of  water  applied 134  ft. 

Rainfall  36  ft. 

Total  depth  of  water  received. .  1.70  ft. 
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experiment  No.  7« 

Location Gallatin  Valley. 

Crop Oats. 

Yield  per  acre 72.75  bushels. 

Nature  of  soil Clay  loam. 

Area 2.48acre8. 

Date  of  first  irrigation July  7-8. 

Date  of  second  irrigation Julv  25. 

Average  head  of  water  used ....  1.96  cu.  ft.  per  sec. 

Depth  of  water  applied 2.16  ft. 

Rainfall 36  ft. 

Total  depth  of  water  received . .  2.52  ft. 


/ 


Ezperiment  No.  8. 

Location Gallatin  Valley. 

Crop Oats. 

Nature  of  soil Dark  loam. 

Area 25.09  acres 

Date  of  first  irrigation July  20-26. 

Average  head  of  water  used ....  3.13  cu.  ft.  per  sec. 

Depth  of  water  applied 1.28  ft. 

Rainfall 44  ft. 

Total  depth  of  water  received. .  1.72  ft. 
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Kjtperiment  No.  9. 

Location Oall&tin  Valley. 

Crop Ctovei, 

Nature  ot  soil Cla;  loam. 

Area 6&39  acres. 

Date  of  fitat  iirigatiOD June  11-22. 

Date  of  Becond  itrigatioD Jul}>  28-Aug.  IT. 

Average  head  of  water  used 2.51  cu.  ft.  per  sec 

Depth  of  water  applied 1.98  ft. 

Rainfall 4tft. 

Total  depth  of  water  received. .  2.42  ft. 


Experiment  No.  lO. 

Location QallatJa  Valley. 

Crop Barley. 

Yield  per  acre 46.5  bushels. 

Nature  of  soil Dark  loam. 

Area 4.14  acres. 

Duto  of  tirst  irrigation June  12-13. 

Date  of  secood  irrigation June  29  July  1. 

Average  head  of  water  used 1,24  cu.  ft.  per  eec 

Depth  of  water  applied t.-W  ft. 

Rainfall 28  ft. 

Total  depth  of  water  received  . .  1.78  ft. 
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Kxpopiment  No.  11. 

~  LoeatioD Gallatin  Valley. 

Crop Oats. 

Nature  of  soil Clay  loam. 

Area 25.09  acres. 

Date  of  first  irrigation June  18-21. 

Date  of  second  irrigatioD July  2^29. 

Average  head  of  water  used . . .      1.40  cu.  ft.  per  set 

Depth  of  water  applied 64  ft. 

Eainfall 38  ft. 

Total  depth  of  water  received . .     1.03  ft. 


Expepiment  No.  12. 

Location Gallatin  Valley. 

Crop Wheat  and  Clover, 

Yield  peracre .38.33  bu.3,1701b.clover 

Natureofsoil Garden  loam. 

Area 2  acres. 

Date  of  first  irrigation June  18. 

Datootsecond  irrigation July  11-12. 

Average  head    of  water  used . .     1.40  cu.  ft.  per  sec. 

Depth  of  water  applied 77  ft. 

Rainfall 30  ft. 

Total  depth  of  water  received. .     1.07  ft. 


MONTANA  EXPERIMENT   STATION. 


Experintent  No.  13. 

Location. . .' QaUatiti  Vallej'. 

Crop OatB  and  Peas. 

Yield  per  acre 75.58  bu.  O.  1390  lb.  P 

Nature  of  soil Loam. 

Area 2  acrea. 

Date  of  flrat  irrigation June  18. 

Date  of  secoDd  irrigation J\i\y  IL 

ArerBfie  head  of  wateruaed L37  cu.  ft  per  sec. 

Depth  of  water  applied 56  ft 

Rainfall .38  ft 

Total  depth  of  water  received. .  .95  ft. 


Experiment  No.  14. 

LocatioD Oallatin  Valley. 

Crop Barley. 

Yield  per  acre 87.28  buehelB. 

Nature  of  eoil Loam. 

Area 1  acre. 

Date  of  first  irrigatioo June  19. 

Date  of  second  irrigation July  12. 

Average  head    of  water  used . .  1.38  cu.  ft.  per  sec. 

Depth  of  wat«r  applied 1.17  ft. 

Rainfall 28  ft. 

Total  depth  of  water  received. .  1.45  ft. 
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£xperls»ent  No.  15* 

Location Gallatin  Valley. 

Crop Oat6« 

Yiekl  per  acre 74.67  bushels. 

Nature  of  soil Loam.- 

Area 8.51  acres. 

Date  of  first  irri||^tion June  15-17. 

Date  of  second  tirrigation JulyJ6-7. 

Average  head  of  water  use  ....     1.86  cu.  ft.  per  sec. 

Depth  of  water  applied 1.38  ft 

Rainfall 0.40  ft. 

Total  depth  of  water  received. .  1.79  ft. 


Experiment  No*  16* 

Location Gallatin  Valley. 

Crop Barley. 

Yield  per  acre 68.68  bushels. 

Nature  of  soil Loam. 

Area 4.52  acres. 

Date  of  first  irrigation June  13  14. 

Date  of  second  irrigation July  1-2. 

Average  head  of  water  used ....  1.99  cu.  ft.  per  sec. 

Depth  of  water  applied 1.96  ft. 

Rainfall 0.42  ft. 

Total  depth  of  water  received . .  2.38  ft. 
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experiment  No.  17. 

Location Gallatin  Valley. 

Ciop Clover, 

Yield  per  acre 5  Ions. 

Nature  of  soil Clay  loam. 

Area 7.26  acres. 

Date  of  first  irrigation June  4.5. 

Date  of  second  irrigation July  3-5. 

Date  of  ttiird  iriifcatioo July  19-21. 

Date  of  fourth  irrigation ^^S-  ^~^- 

Average  bead  of  water  used 1.57  cu.  ft.  per  sec 

Depth  of  water  applied 2.70  ft. 

Rainfall 44  ft. 

Total  depth  of  water  received  . .  3.14  ft. 


Cxpex^ment  No.  IS. 

Location Gallatin  Valley. 

Crop Clover. 

Nature  of  soil Ctay  loam. 

Area ^5.9  acres. 

Date  of  Rrst  irrigfation June  5-7. 

Date  of  second  irrigation July  13  16. 

Date  of  third  irriifatioD July  26-28. 

Average  head  of  water  used 2.22  cu.  ft.  per  set 

Depth  of  water  applied 1,79  ft. 

Rainfall 44  ft. 

Total  depth  of  water  received. .  2.23  ft. 
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Cxpepiment  No.  19. 

LocatioD Yellowatone  County, 

Crop Alfalfa. 

Yield  per  acre 5.17  tons. 

Nature  of  soil Clay  ioarn. 

Area  irrigated .'>3.4  acre?. 

Date  oF  first  irrigation July  17-27. 

Average  head  of  water  used 3.52  cu.  ft.  per  soo. 

Depth  of  water  applied 1-30  ft. 

Rainfall 44  ft. 

Total  depth  of  water  received. .  1.74  ft. 


Experiment  No.  SO. 

Location Bitter  Root  Valley. 

Crop Orchard. 

Nature  of  soil Vegetable  loam. 

Area 40  acres. 

Date  of   flrst  irrigation April  28.30. 

Date  of  second  irrigation Juoe  7-13. 

Date  of  third  irriKation July  9-14. 

Date  of  fourth  irrigation Aug.  12-14. 

Average  head  of  water  used 2Jf6  cu.  ft.  per  sec. 

Depth  of  water  applied 1.46  ft- 

Ralnfall 13  ft, 

Total  depth  of   water  received. .  1,59  ft. 
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Experlmant  No.  SI. 

Location Bitter  Boot  Valler. 

Crop Oatfl. 

Yield  per  acre SiOS  bushels. 

Nature  of  Boil GraTell^. 

Area 1012  acres. 

Data  tA  first  irrigation May  S3-June  19. 

Date  of  secood  irrigation July  19-Aug.  8 

Average  head  of  water  used 7.0C  en.  ft  pet  aac 

Depth  of  water  applied 6.06  ft 

RainfaU .13  ft. 

Totaldepth  of  water  received. .  6.19  ft. 
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Experiment  Mo.   SS. 

Location Bitter  Boot  VJIey. 

Crop OatB.    ' 

Yleldperaore 33^  boohela. 

Naturo  of  soil Vegatable  Loam. 

Area 161.7  acres. 

Date  of  first  iniRation Haj  22,  June  11. 

Date  of  Second  irrigation July  21-30. 

AT«rage  head  of  water  need....  3.^  cu.  ft.  per  see. 

Depth  of  water  applied 1.30  ft. 

RainfaU SSH. 

Total  depth  of  water  received..  1.43ft. 


KacpMdment  No.  S3. 

Location Gallfttln  Valley. 

Crop Clover, 

Yield  per  acre 3L36ton8. 

Nature  ol  soil Loam. 

Area 20.96  acres. 

Date  ot  first  Irrigation June  5-7. 

Date  ot  second  Irrigation July  20-22,  Aug.  2-7, 

Date  of  second  irrigation Ang.  11-16. 

Average  head  of  water  used 1.52  cu.  ft  per  sec. 

Depth  of  water  applied 92  ft. 

Rainfall 65;ft. 

Total  depth  of  water  received. .     1.57  ft. 
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Bxperiment  No.  S4. 

LocatioD Gallatin  Valley. 

Crmj Clover. 

Yield  per  acre 3.36  tons. 

Nature  of  soil Clay  loam. 

Area 5,58  acres 

Date  of  first  irri^tion June  8, 

Date  of  second  irrigation July  9-10 

Date  of  third  irrigation July  25-29 

Average  head  of  water  used 1.38  cu.  ft.  per  sec 

Depth  of  water  applied 1.81  ft. 

Rainfall 67  ft. 

Total  depth  of  water  received. ,  2.48  ft. 


Experiment  No.  35> 

tiocation Gallatin  Valley. 

Crop Clover. 

Nature  of  soil Clay  loam. 

Area .- 7 J3  acres. 

Date  of  first  irrigation June  17-18. 

Date'of  second  irrigation July  14-15. 

Average  head  of  (water   used..  1,65  cu.  It.  per  ae 

Depth  of  water  applied 1.24  ft. 

Rainfall 02  ft. 

Total  depth  of  water>eceived..  1,86  ft. 
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experiment  No.  36. 

IJocation Qallatin  Valley. 

,  Crop Clover. 

Nature  of  aoil Loam. 

Area 6.85  acrea. 

Date  of  first  irrigation Juoe  1819. 

Date  of  second  irrigatioD July  12-1.^. 

Data  of  third  irrigatioo Jaly  29-Aug.  6. 

Average  bead  of  water  used 1.40  cu.  ft.  per  se< 

Depth  of  water  applied 1,54  ft. 

Eainfall 62  ft. 

Total  deptb  of  water  received . .  2.16  ft. 


-f^ 


Experiment  No.  27. 

Location Gallatin  Valley. 

Crop Wheat. 

Yield  per  acre 4a2  bushels. 

Nature  of  aoil Loam. 

Area 5.24  acres. 

Date  of  Orst  irrigation June  27-28. 

Date  of  second  irrigation July  13-14. 

Average  head  of  water  used 1.47  cu.  ft.  per  S' 

Depth  of  water  applied 1.19  ft. 

Rainfall 15  ft. 

Total  depth  of  water  received, .  1,64  ft. 
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Experiment  No.  SS. 

Location OallBtin  Valley. 

Crop Wheat,  Barley,  Clover. 

Yiefd  per  acre. 42.9bu61.6bu  1.69  tons 

Nature  of  soil Clay  loam. 

Area 3  acres 

Date  of  first  irrigation June  28-28 

Date  of  second  irrigation July  1&-16 

Average  head  at  water  ueed. . . .  1.23  cu.  ft.  per  sec. 

Depth  of  water  applied 76  ft. 

Rainfall ; . . .  .43  ft. 

Total  depth  of  water  received . .  US  ft. 


KatpeHmeat  No.  SO. 

Location Qallatin  Valley. 

Crop Sugar  Beete. 

Yield  per  acre 10  ton, 

Nature  of  soil Clay  loam. 

Area S  acres. 

Date  of  first  irrif^ation July  13-14. 

Date  of  second   irrigation July  29-30. 

Date  of  third  irrigation Aug.  16-17. 

Average  head  of    water  used. .  .44  cu.  ft.  per  sec. 

Depth  of  water  applied 1.46  ft. 

Rainfall .59  ft 

Total  depth  of  water  received . .  2.06  f  L 
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Experiment  No,  SO. 

LocBtiOD Osllatia  Valley 

Crop Gate 

Yield  peracce 73  bushels. 

Natn^  <rf  soil ^'^  loam 

Aiea 16.%  acres 

Date  of  first  irrigation June  2S-Jul7  2 

Date  of  secMid  irriKation Joly  16-17,  July  22-25 

Average  h«ad  of  water  lued ....  1.68  on.  ft  per  Bee. 

Depth  of  water  applied 1.62  fL 

RafnfaU .«  (t 

Total  depth  of  water  reoelTed. .  2.06  ft. 


Ezperliaent  No.  31. 

Location Gallatin  Valley 

Crop Glover. 

Nature  of  soil Clay  loam. 

Area 27.8*  acres 

Date  of  first  irrigation June  21-25 

Average  head  of    water  used..  3.33  cu,  ft.  per  sec, 

Depth  of  water  applied 95  ft. 

Rainfall .62  ft. 

Totaldeptbof  water  received..  1.57  ft 
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Experiment  No.  32. 

Location Qallotin  Valley. 

Crop Barley. 

Yield  per  acre 59  bushels. 

Nature  of  soil Loam. 

Area 12.5  acrea. 

Date  of  first  irrJKation July  2-3,  July  5-6. 

Average  head  of  water  used 2.18  cu.  ft.  per  sec 

Depth  of  water  applied 34  ft 

Rainfall 46  ft. 

Total  depth  of  water  received. .     1,30  ft. 


Experiment   No.   33. 

Location  GallatiD  Valley. 

Crop Peas. 

Yield  per  acre 37.5  bushels. 

Nature  of  soil Clay  loam. 

Area 8.40  acres. 

Date  of  Brat  irrigation July  8-9. 

Average  head  of  water  used 1.67  cu.  ft.  per  sei 

Depth  of  water  applied 3i)  ft. 

Rainfall 77  ft. 

Total  depth  of  water  reteived, .     1.12  ft. 
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Experiment  No»  34* 

LocatioD Gallatin  Valley 

Crop Oats 

Nature  of  soil Loam 

Area 37.3  acres 

Date  of  first  irrigation July  9-23 

Average  head  of  water  used 1.66  cu.  ft.  per  sec. 

Depth  of  water  applied 1.26  ft. 

Rainfall 45  ft. 

Total  depth  of^water  received . .  1.71  ft. 


Bxperiment  No.  35* 

Location Gallatin  Valley 

Crop Orchard. 

Nature  of  soil Gravelly  loam. 

Area 40  acres 

Date  of  first  irrigation April  15-18 

Date  of  second  irrigation June  27-30 

Date  of  third  irrigation Aug.  13-18 

Date  of  fourth  irrigation Sept.  1-2 

Average  head  of    water  used. .  2.43  cu.  ft.  per  sec. 

Depth  of  water  applied 1.56  ft. 

Rainfall 49  ft. 

Total  depth  of  water  received. .  2.05  ft. 
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Experiment  No.  36. 

Location Bitter  Boot  Valler. 

Crop Clover. 

Yield  per  acre 1.06  tona. 

Nature  of  soil Qravellj  loam. 

Area  irrisatnd 16L7  acres. 

Date  or  first  inigaUon Ma;  11-28. 

Date  of  flecond  irrigation June  23-Jul7  2. 

Date  of  third  irrigation Aug.  29-Sept  8. 

Average  head  of  water  used ....  3.40  cu.  ft  per  eec 

Depth  of  water  applied LGO  ft. 

RainfaU *9  (t, 

Total  depth  of  water  received . .  1.89  ft. 


Experiment  No.  37. 

Location Bitter  Boot  VoUey. 

Crop Clover. 

Yield  per  acre 1  ton. 

Nature  of  soil QraveUy,    " 

Area 102.  acres. 

Date  of  ^t  irrigation Apr.  SO-May  2     ' 

Date  o(  second  irtiKation May  4-16,  21-30. 

Date  of  third  irrigation June  Il-Ju1y  3. 

Date  of   fourth  irriKation July  29-Aug.  13 

AveraKB  head  of  water  used 4.01  cu.  ft.'  per  aec. 

Depth  of  water  applied 2.22  ft 

Eainfall 45  ft. 

Total  depth  of  water  received. .  2.67  ft. 
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Experiment  No.  38. 

Locatioo Gallatin  Valley.  ' 

Crop Oats. 

Nature  of  soil Clay  loam. 

Area 5.38  acres. 

Date  of  tirst  irrigation June  24-26. 

Date  of  second  irrigation July  17-18. 

Average  head  of  water  used ....  1.30  cu.  ft.  per  sec. 

Depth  of  water  applied 1.27  ft. 

Rainfall 54  ft. 

Total  depth  of  water  received. .  1.81  ft. 


t 

1 

Experiment  No.  39. 

Location Qallatin  Valley. 

Crop Wheat. 

Nature  of  soil Clay  loam. 

Area 5.^  acres. 

Date  of  tiist  irrigation June  22-23, 

Date  of  second  irrigation July  25-31. 

Average  head  of  water  used. . . .  2.43  cu.  ft.  per  sec. 

Depth  of  water  applied 2.43  ft. 

Rainfall 72  ft. 

Total  depth  of  water  received. .  3.15  ft. 
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Kaipepiment  No.  40. 

Location Gallatin  Valley, 

Crop Clover. 

Nature  ol  soil Clay  loam. 

Area 9.72  acres. 

Date  of  first  irri][atioD June  3-6. 

Date  of  second  irrigation July  13-17. 

Average  bead  of  water  used 1.79  cu.  ft.  per  set 

Depth  of  water  applied 1 ,%  f t. 

RaiDfall 78  ft. 

Total  depth |of  water  received. .  2.43  fL 


Ejtpvriment  No.  41. 

Location nallatio  Valley. 

Crop Oats. 

Nature  of  soil Clay  loam. 

Area 8.93  acres. 

Date  of  lirst  irrigation June  11-14. 

Date  of  second  irrigation July  19-22. 

Average  bead  of  water  used 1.49  cu.  ft.  per 'sec 

Depth  of  water  applied 1.76  ft. 

Rainfall 54  ft. 

Total  depth  of  water  received. .  2.30  ft. 
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Experiment  No.  42. 

LocatioD . .  ^ GaDatiD  Valley. 

Crop Alfalfa. 

Nature  of  soil (  lay  loam. 

Area 4.02  acres. 

Date  of  first  irrigation June  10-11. 

Date  of  second  irrigation July  17-18. 

Average  head  of  water  used 1.56  cu.  ft.  per  sec. 

Depth  of  water  applied 1.01  ft.. 

Raiqfall 78  ft. 

Total  depth  of  water  received . .  1.79  ft. 


'ft. 
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Experiment  No.  43. 

Location Gallatin  Valley. 

Crop Barley. 

Nature  of  soil Clay  loam. 

Area 19.8  acres 

Date  of  first  irrigation June  14-17. 

Date  of  second  irrigation July  25-30. 

Average  head  of  water  used 2.17  cu.  ft  per  sec. 

Depth  of  water  applied 97  ft. 

Rainfall 64  ft. 

Total  depth  of  water  received . .     1.61  ft. 
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dcpvrimont  No.  44' 

liocatirm  . : Qallatia  Vallej. 

Crop Rotation  Plata. 

Nature  of  soil Clay   loam. 

Area 6  acres. 

Date  of  lirst  iirigation June  26-27. 

Date  of  second  irrigation Jul;  18-19. 

Average  head  of  water  used  —  1.92  cu.  ft  per  sec 

Depth  of  water  applied 1.07  ft. 

Rainfall 64  ft. 

Total  depth  of  water  received. .  1.71  ft. 

NOTE:    Raiofatl  as  given  in  cut  is  incorrect  Bod 
should  be  .64  ft. 


ent  No.  45' 

Gallatin  ValLej. 

Clover. 

'.".'.'.'.     27.84 'ac«M- 

June  17-24. 

1.CW  ft. 

Riiinfall    78  ft. 

Ti'lul  depth  of   water  roceivf-d.,      1.78  ft. 
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Bxperiment  No*  4'^* 

Location Gallatin  Valley. 

Oop Clover. 

Nature  of  soil Loam. 

Area 81.3  acres 

Date  of  tirst  irrigation June  6-90 

Average  head  of  water  used 0.83  cu.  ft.  per  sec. 

Depth  of  water  applied 3.13  ft. 

Rainfall 78  ft. 

Total  depth  of  water  received . .  3.91  ft. 
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In  the  following  table,  the  length  of  the  irrigation  season  for  each  of  the  valleys  in  which  experiments  were  made 
has  been  fixed.     Knowing  approximately  the  number  of  days  in  which  water  is  used,  it  is  possible  to  determine  the 
duty  of  water  in  acres  per  cubic  foot  per  second  and  also  per  miner's  inch.  This  has  been  done  in  columns  8  and  9  of  table. 
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DUTY    OF    ^^ATER    UNDCR    CANAI.S. 

As  has  already  been  stated,  the  amount  of  water  useil  under 
canals  is  much  greater  than  under  laterals,  or  on  individual  farms 
or  fields.  This  difference  is  re€wiiiy  accounted  for  when  one  takes  into 
consideration  the  porous  character  of  most  channels,  the  defects  in 
construction  and  the  loss  due  to  evaporation.  In  addition  to  this, 
there  is  another  loss.  Except  during  the  busy  part  of  the  irrigation 
season,  most  canals  carry  a  surplus  which  is  allowed  to  flow  through, 
or  over,  waste-gates  and  return  to  the  natural  stream.  The  stock-  ' 
holder  of  a  canal  company  prefers  to  waste  a  part  of  his  allowance 
rather  than  wait  until  an  additional  supply  can  be  turned  in  at  the 
headgate  miles  away  from  his  farm.  Hence  it  follows  that  during  the 
first  and  last  part  of  the  irrigation  season,  or  during  a  rainy  spell,  con- 
siderably more  water  is  allowed  to  flow  through  the  canal  than  is  util- 
ized. In  determining  the  duty  of  water  under  canals  it  was  not  prac- 
ticable to  measure  losses  of  this  nature.  Each  canal  was  measured 
daily  at  some  suitable  point  near  the  head  and  the  flow  expressed  in 
acre-feet.  It  will  be  remembered  that  an  acre-foot  is  the  quantity  of 
water  which  will  cover  an  acre  one  foot  deep.  When  the  flow  of  a 
canal  is  given  in  acre-feet  it  can  be  readily  changed  into  miners' 
inches  by  multiplying  the  former  by  20.  This  method  is  not  quite 
exact  but  will  answer  for  all  practical  purposes.  In  one  of  the  accom- 
panying tables  the  flow  of  the  Big  Ditch  in  Yellowstone  oounty  on 
Jul^f  22,  1902,  is  given  as  710  8-10  acre-feet.  Multiplying  710  8-10  by 
20  gives  14216  miners'  inches.  The  exact  number  is  14,336  miners^ 
inches. 

DUTY  OP  WATER  UNDER  THE  BIG  DITCH,  YELLOWSTONE  OOUNTY 

_ . 

The  canal  now  known  a^  The  Big  Ditch  is  one  of  the  largest  ip  tho  state.  It 
was  begun  in  1882  by  the  Minnesota  and  Montana  Land  and  Improvement  Com- 
pany and  completed  several  years  later  at  a  total  cost  of  $110,000.  The  canal,  as 
originally  built,  was  to  be  30  feet  on  the  bottom  over  the  upper  portion,  with  side 
slopes  of  1  to  1,  a  water  depth  of  3  feet  and  grade  of  2}4  f^t  per  mile. 

The  headgates  and  diversion  dam  of  this  canal  are  located  on  a  branch  of 
Yellowstone  river,  below  the  Rapids  and  about  11  miles  above  Park  City.  The 
lower  terminus  is  near  the  city  of  Billings,  39  miles  distant.  There  art^  no  diver- 
sions on  the  upper  portion  of  tho  canal  and  the  upper  rating  flume  was  in  consequ- 
ence located  at  Tilde. I's  raucL.  about  tlve  miles  below  the  head.  Tlie  daily  dis- 
c  large  of  the  canal  at  this  point  has  been  determined  for  the  past  three  seasons. 
The  following  table  represents  the  total  volumes  passing  this  point  expressed  Id 
acre-feet  for  ♦^he  year  named,  the  respective  areas  under  irrigation,  the  depth  of 
water  applied  and  the  Guty  of  water  in  acres  per  miner's  inch: 


YEAR 

ACRE- FEET. 

ACRES. 

DEPPH  IN  FEET. 

ACRRfl 

PER  MIITER'S 

INCH. 

1900 

1901 
1902 

46.995 
46,507 
73,165 

18,144 
20,a38 

2.56 

'  •  ,3.65    ' :   ■ 

2,13 

1.90 

MONTANA  EXPERIMENT    STATION. 


39 


The  total  volumes  carried  in  1900  and  1901  are  about  equal.  The  canal  was 
enlarged  before  the  beginning  of  the  past  season  (1902)  and  as  is  shown  by  the 
foregoing  table  the  volume  was  much  increased.  Part  of  this  supply  was  wasted. 
Notwith-standing  the  quantities  of  water  wasted  the  average  duty  of  water  over 
about  20,000  acres  in  Yellowstone  county  for  the  years  1901  and  1902  was  at  the 
rate  bl  one-half  a  miner's  inch  per  acre. 

In  order  to  familiarize  the  irrigators  with  the  various  units  used  in  irrigation 
the  daily  discharge  of  The  Big  Ditch  for  1901  and  1902  is  given  in  the  following 
tables  in  three  ways,  viz:  in  cubic  feet  per  second,  Montona  miners'  inches  and  in 
acre- feet: 

TABLE  SHOWING  DISCHARGE  OF  THE   BIG  DITCH  AT  TILDEN'S  RANCH,  YELLOW- 
STONE COUNTY,  MONTANA,  FOR  THHIBEASON  OF  1901, 


Cu.  ft. 
per  sec. 


3 

4 

5 

6 

7 

8 

9 
10 
11 

12;        .... 

Xo!     .  .  .  . 

14j  174 
15'  174 
16:   174 


May. 

Miner's 
Inches 


Acre 
feet 


■   •   •  • 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
36 


174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 


29  174 
3Q  174 

311  174 


6960 
6960 
6960 
69(K) 
6960 
696r) 
6960 
6960 
6960 
Gm) 
6960 
696) 
696) 
6960 
6960 
6960 
6990 
6960 


.345.1 
.345.1 
345.1 
345.1 
345.1 
345. 1 
345.1 
345.1 
345.1 
345.1 
;i45,l 
345  1 
345.1 
345.1 
345 . 1 
345.1 
345.1 
,345.1 


Cu.  ft. 
per  sec. 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
184 
184 
164 
164 
164 
164 
143 
143 
143 
112 
112 
112 
91 
91 
225 
225 
246 
277 


Totals....  6211.8 


June. 

Miner's 

inches 
6960 
6960 
6960 
6960 
6960 
6960 
6960 
6960 
696»» 
6960 
69&) 
6960 
7360 
7.360 
656) 
6560 
6560 
6560 
5720 
5720 
5720 
4480 
4480 
4480 
3640 
3640 
9000 
9000 
9840 

11080 


Acre 
feet 
345.1 
345.1 
345.1 
345.1 
345.1 
345.1 
345.1 
345.1 
345.1 
345.1 
345.1 
345.1 
364.9 
364.9 
325.3 
325.3 
325.3 
325.3 
283.6 
283.6 
2a3.6i 
222.1 
222.1 
•J22.1 
1S()..5| 
180.51 
446.3 
446.3 
487.9 
049.4 


Cu.  ft. 
per  sec. 
267 
256 
225 
252 
277 
267 
277 
288 
288 
288 
299 
299 
299 
2d9 
288 
267 
267 
257 
252 
242 
2.32 
236 
242 
246 
246 
246 
257 
267 
267 


255 
242 


July. 

Miner's 

inches 

10680 

10240 

9000 

10080 

11080 

10680 

11080 

11520 

11520 

11520 

11960 

11960 

11960 

11961 

11520 

10680 

10680 

lf.280 

lOi'SO 

9630 

92S0 

9440 

9680 

9840 

i;840 

9840 

10280 

10680 

10680 

10200 

9680 


Acre 
feet 

529.5 

August. 
Cu.  ft.  Miner's 
per  sec.  inches 
246      9840 

507.7 

246 

9840 

446.2 

246 

9840 

499.8 

246 

9840 

549.3 

236 

9440 

529.5 

236 

9440 

549.3 

236 

9440 

571.2 

225 

9000 

571.2 

225 

9000 

571.2 

225 

9000 

593.0 

225 

9003 

593.0 

215 

8600 

593.0 

215 

8600 

593.0 

257 

10280 

571.2 

257 

10280 

529.6 

246 

9840 

529.5 

246 

9840 

509.7 

246 

9840 

499.8 

236 

9440 

480.0 

236 

9440 

460.1 

236 

9440 

458.1 

2.36 

9440 

480.0 

267 

10680 

487.9 

;     257 

10280 

487.9 

!    2:^6 

9440 

487.9 

236 

9440 

509.7 

194 

7760 

529.5 

184 

7.360 

529.5 

174 

6960 

505.7 

164 

6.560 

480.0 

i     164 

6560 

998). 5 


16243.91 


Aero 
feet 
487.9 
487.9 
487.9 
487.9 
468.1 
468.1 
468.1 
446.2 
446.2 
446.2 
446.2 
426.4 
426.4 
509.7 
509.7 
487.9 
487.9 
487.9 
468.1 
468.1 
468.1 
468.1 
529.5 
509.7 
468.1 
468.1 
.384.7 
364.9 
345.1 
.325.3 
325.3 

14070  6 


SuiiimiiT y  -hnwin^r  rhe  amount  of   water  applied  to   irri<?atecl  lands  under  The 
Bip:  Ditch  for  iLr  s(  ason  (jf  1901: 

Duration  of  irrigation  season  (May  14  to  Aup.  .31) 110  days. 

Aroa  irrigated 18.144  acie.-^. 

Water  diverted i6Ji01  acre  feet. 

Averafire  depth  of  water  applied 2.56  feel. 
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TABLE  SHOWING  DISCHABOE  OF  THE  BIO  DITCH  AT  TILDEN'S  RANCH,  YELLOW- 
STONE COUNTY,  MONTANA,  FOR  THE  SEASON  OF  1902. 


May. 

June. 

July. 

August 

(. 

September. 

« 

4    ""  ^ 

S- 

^1 

U 

g- 

• 

go 

2^ 

• 

•1 

2^ 

i- 

0 

per 

Min 
ineb 

<& 

51 

Min 
ineb 

<i 

51 

Min 
ineb 

<J 

5| 

•Si 

^1 

Min 
inch 

<i 

1 

388  1 

13524 

670.6 

272.3 

10892 

540.1 

293.9 

11756 

582.9 

269.9 

10796 

535.3 

2 

■    •    •    • 

254.4 

10176 

504.6 

260.4 

10416 

516.5 

290.3 

11612 

575.8 

269.9 

10796 

535.3 

3 

278.3 

11132 

552.0 

260.4 

10416 

516.5 

293.9 

11756 

582.9 

2.58.0 

10620 

511.7 

4 

104.9 

4196 

206.0 

278.3 

11132 

552.0 

286.7 

11468 

568.6 

248.4 

9938 

492.7 

5 

•  •  «  •  • 

284.3 

11372 

544.0 

293.9 

11756 

582.9 

236.4 

9456 

468.9 

6 

•    »    •    « 

278.3 

11132 

5520 

293.9 

11756 

582.9 

234.1 

9364 

464.3 

7 

•    p    •    • 

•  •  •  •  • 

•  •  •  •  • 

278.3 

11132 

552.0 

286.7 

11468 

568.6 

234.1 

9364 

464.3 

8 

.... 

266.3 

10652 

528.2 

266.3 

10652 

528.1 

293.9 

11756 

582.9 

226.9 

9076 

4.50.0 

9 

293.9 

11756 

582.9 

284.3 

11372 

544.0 

290.3 

11652 

575.8 

222.1 

8884 

540.5 

10 

■    4    •    ■     a 

302  2 

12088 

599.4 

320.2 

12808 

635.1 

293.9 

11756 

582.9 

214.9 

8596 

426.2 

n 

•    ■    •     • 

310.6 

12424 

616.0 

346.5 

13860 

687.2 

286.7 

11468 

568.6 

210.1 

8404 

416.7 

12 

320.2 

12808 

635.1 

332.1 

13284 

658.7 

284.3 

11322 

544.0 

200.6 

8024 

397.8 

13 

. 

314.2 

12568 

623.2 

310.6 

12424 

616.0 

293.9 

11756 

582.9 

197.6 

7904 

391.9 

14 

161 .( 

S     6464 

320.5 

314.2 

12568 

623.2 

317.8 

12712 

630.3 

293.9 

11756 

582.9 

191.6 

7664 

380.0 

15 

254.^ 

I    10176 

504.6 

320.2 

12808 

635.1 

314.2 

12568 

623.2 

293.9 

11756 

582.9 

167.7 

6708 

332.6 

16 

242.J 

I     9096 

480.8 

314.2 

12568 

623.2 

338.1 

13524 

670.6 

293.9 

117.56 

582.9 

179.6 

7184 

356.2 

17 

235. ( 

)     9220 

467.2 

308.2 

12328 

611.3 

338.1 

13524 

670.6 

286.7 

11468 

568.6 

167.7 

6708 

332.6 

18 

263.1 

)    10556 

523.4 

308.2 

12328 

611.3 

a58.4 

14336 

710.8 

272.3 

10892 

540.1 

179.6 

7184 

356.2 

19 

255.( 

>    10224 

506.9 

314.2 

12568 

623.2 

350.1 

14004 

mil 

281.9 

11276 

559.1 

167.7 

6708 

332.6 

20 

2S0.1 

I    10032 

497.4 

314.2 

12568 

623.2 

:««  1 

13524 

670.6 

272.3 

10802 

540.1 

176.6 

7064 

,350.2 

21 

278.: 

)    11132 

552.0 

314.2 

12568 

623.2 

344.1 

13764 

682.5 

281.9 

11296 

559.1 

191.6 

76^4 

.380.0 

22 

272.; 

)    10892 

540.1 

310.6 

12424 

616.0 

358.4 

14336 

710.8 

281.9 

11296 

559.1 

167.7 

6708 

332.6 

23 

255. ( 

I    10224 

506.9 

309.4 

12376 

613.6 

362.0 

14480 

717.9 

281.9 

11296 

559.1 

164.7 

6588 

326.6 

24 

262.^ 

I    10196 

520.4 

317.8 

12712 

630.3 

358.4 

14336 

710.8 

226.9 

9076 

451.0 

143.8 

5752 

285.2 

25 

244. i 

I     9792 

485.5 

320.2 

12808 

635.1 

353.6 

14144 

601.3 

226.9 

9076 

451.0 

140.8 

5632 

279.2 

26 

271.] 

I    10844 

537.7 

290.3 

11612, 

575.8 

358.4 

14336 

710.8 

286.7 

11468 

568.6 

131.2 

524S 

260.2 

27 

200.: 

}    11612 

575.8 

314.2 

12568 

623.2 

358.4 

14336 

710.8 

288.7 

11468 

568.6 

1:37.8 

5512 

273.3 

28 

286.' 

1    11468 

568.6 

317.8 

12712 

630.3 

200.6 

8024 

397.8 

293.9 

11756 

582.9 

128.2 

5128 

2.54.2 

29 

290.: 

}    11612 

575.8 

278.3 

1U32 

552.0 

326.1 

130U 

646.8 

298.7 

11948 

592.4 

131.2 

5248 

260.2 

30 

314.2 

I    12568 

723.2 

256.8 

10272 

509.3 

293.9 

11756 

582.9 

298.7 

11948 

592.4 

128.2 

5128 

254.2 

31 

828.; 

>    13140 

651.5 

284.3 

11372 

544.0 

274.7 

10988 

544.8 

Tc 

►tal 

10197.7 

■ 

15580.1 

19134.5 

17468.9 

11442.9 

Sunrmary  showing  the  amount  of  water  applied  to  irrigated  lands  under  The 
Big  Ditch  for  the  season  of  1902: 

Duration  of 'irrigation  season  (May  14  to  Sept.  30) 140  days. 

Area  irrigated 20,038  acres. 

Water  diverted 73,165  acre-feet. 

Average  depth  of  water  applied 3.65  feet. 

Dtity  of  VTater  in  tKe  Bitter  Root  Valley. 

For  three  years  investigations  have  been  conducted  in  the  Bitter  Root  Valley 
to  determine  the  quantity  of  water  used  in  irrigation  and  the  various  losses  in  its 
conveyance.  The  greater  part  of  the  work  was  performed  on  the  Bitter  Root  stock 
farm,  the  property  of  the  late  Hon.  Marcus  Daly.  The  conditions  on  this  farm  are 
favorable  for  such  investigations.  Through  the  co-operation  of  the  Superinten- 
dent, Mr.  P.  J.  Shannon,  and  the  irrigation  engineer,  Mr.  .M,  D.  Kippen,  accurate 
data  have  been  secured  in  regard  to  the  area  of  land  irrigated  and  the  kinds  of 
crops  raised.  The  results  obtained  in  *1900  were  published  in  Bulletin  No.  29  of 
this  station.  Bulletin  No.  119  of  the  office  of  Experiment  St£itions  contains  the 
results  of  the  investigations  made  in  1901  while  the  following  tables  give  a  sum- 
mary of  the  data  obtained  in  1902. 
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DUTY  OF  WATER  UNDER  THE  REPUBLICAN  CANAL, 

RAVALLI  COUNTY,  MONTANA. 

The  casuly  headjsrates  and  diversion  dam  of  the  Republican  Canal  are  located 
on  the  Bitt3r  Root  river  near  the  junction  of  the  tributary  known  as  Sleeping^ 
Child.  This  canal  for  the  f  rst  5  miles  has  a  bottom  width  of  about  12  feet  and  an 
average  depth  of  about  3  feet  on  a  grade  of  5  feet  per  mile.  For  the  next  3  miles 
it  has  nearly  the  same  slope  as  that  of  the  river,  or  over  40  feet  per  mile.  The 
canal  decreases  in  width  and  volume  as  its  distance  foom  the  head  increases,  and 
is  quite  narrow  from  the  eight  to  the  twentieth  mile.  The  lower  portion  is  locat- 
ed on  a  grad»*  of  eight  feet  per  mile.  In  1901  the  flow  of  this  canal  varied  frona 
2,000  to  3,2X)  miner's  inches.  In  1902  thd  highest  flow  was  3,927  miners'  inches 
and  th'*  average  for  the  season  was  nearly  2^3  minors'  inches. 

Daily  discharge  of  the  Republican  Canal  measured  near  the  headgates,  April 
11  to  September  30.  1902. 


DAY 

APRIL. 
Acre  Feet. 

MAY 
Acre  Feet. 

JUNE. 
Acre  Feet. 

JULY. 
Acre  Feet. 

AUGUST. 
Acre  Feet. 

SEPTEMBER. 
Acre  Feet. 

1 

127.1 
133.4 
139.7 
139  7 
139.7 
139.7 
145.7 
158.6 
170.9 
164.8 
150.9 
164.8 
139.7 
133.4 
1.33.4 
1.33.4 
139.7 
139.7 
150.9 
150.9 
150.9 
150.9 
150.9 
150.9 
150.9 
150.9 
150.9 
1.39.7 
139.7 
1.39.7 

139.7 
120.8 
120.8 

m,i 

127.1 
127.1 
1.33.5 
133.5 
*    1.33  5 
133.5     . 
133.5 
133.5 
133.5 
L33.5 
133.5 
133.5 
127.1 
127.4 
127.1 
127.1 
114.6 
108.4 
103.4 
120.8 
L33.4 
1.50.9 
158.6 
164.8 
164.8 
164.8 

190.2 
190.2 
190.2 
193.2 
ia3  8 
177.5 
183.8 
183.8 
177.5 
177.5 
190.2 
190.2 
190.2 
190.2 
190.2 
190.2 
190.2 
196.3 
190.2 
190.2 
190.2 
190.2 
190.2 
190.2 
190.2 
190.2 
i       183.8 
1&3.8 
190.2 
190.2 
ia3.8 

190.2 

2 

190.2 

3 

190.2 

4 

190.2 

5 

158.6 

6 

158  6 

7 

158.6 

'8 

150.9 

9 

150.9 

10 

164.8 

11 

177.5 
177.5 
177.5 
177.5 
150.9 
150.9 
150.9 
150.9 
190.2 
193.2 
177.5 
170  9 
177.5 
170.9 
170.9 
170  9 
164.8 
150.9 
139.7 
127  1 
127  1 

164.8 

12 

164.S 

13 

164.8 

14 

164.8 

15 

164.8 

16 

164.8 

17 

164.8 

18 
19 

139.7 
139.7 

20 

139.7 

21 

139.7 

22 

102,1 

23 

102.1 

24 
25 
26 

102.1 

102.1 

.    102.1 

27 

102.1 

28 

102.1 

29 

60  5 

30 
31 

60.6 

DUTY  OP  WATER  UNDRR  REPUBLICAN  CANAL. 

1901. 

Area  irrigated acres  4,105 

Water  used acre-feet  13,758 

Average  depth  of  water  applied feet  3^35 

Duty  of  water  in  acres  p.T  miner's  inch acres  2.02 


1902. 

4,850 

17,856 

3.66 

2.22 


1.111... 
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DUTY  OP  WATER  UNDER  THE  HEDGE  CANAL, 
RAVALLI  COUNTY,  MONTANA. 

The  Hedge  canal  diverts  water  from  the  Bitter  Root  river  a  number  of  miles 
above  the  RepublicaD  canal.  This  canal  is  24  miles  long  and  irrigated  during  the 
past  season  5,420  acres  of  first  bench  lands  immediately  above  the  areas  covered 
bv  the  Republican  canal.  The  upper  portion  skirts  the  river  and  consists  chiefly 
of  flumes  and  inverted  siphons.  There  are  about  five  miles  of  flumes  and  1,100 
feet  of  redwood  stave  pipe.  The  greatest  flow  during  the  season  of  1902  was  5,002 
miners*  inches,  and  occurred  June  21  and  22. 

Plate  III  shows  by  diagrams  the  quantity  of  water  flowing  past  the  upper 
measuring  flume  and  also  the  depths  of  water  applied  to  the  irrigated  land  each 
month. 
DAILY  DISCHARGE  OF  THE  HEDGE  CANAL,  AS    MEASURED  IMMEDI.ATELY   BELOW 

THE  WASTE-GATES,  WHICH  ARE  LOCATED  ABOUT  3,000  FEET  BELOW  THE 
HEAD-GATES.  APRIL  U  TO  SEPTEMBER  30.  1902. 


Day 

APRIL 

'  *  MAY     . 

JUNE 

JULY 

■  AUGUST   ' 

SEPT.. 

Acre-Feet. 

Acre-Feet. 

Acre-Feet. 

Acre-Feet. 

Acre-Feet. 

211.2 
211.2 

Acre-Feet. 

1 

151.7 
151.7 

146.3 
146.3 

242.1 
242.1 

189.8 

2  . 

.,. .  .'.^.  .... 

189.8 

3 

H 

X4H,3 

124.9 

242.1 

211.2 

189.8 

4- 

146.3 

113.8 

62.8 

211.2 

189.8 

5 

151,7 

124.9 

211.2 

211.2 

189.8 

6 

.**»   •♦*.   i... 

151.7 

1.30.1 

211.2 

211.2 

189.8 

7 

....      m    f     ,     •      ,    1     m     • 

.    135.7 

135.4 

211.2 

211.2 

189.8 

8 

189.8 

.   155.3 

211.2 

211.2 

189.8 

9 

.    189.9 
189,8 

189.8 
198.4 

178.5 
178.5 

211.2 
211.2 

189.8 

10 

189.8 

11 

189.8 

198.4 

178.5 

211.2 

178.5 

12 

191.7 
216.4 

216.4 
226.7 

178.5 
178.5 

211.2 
211.2 

178.5 

13 

....      ....      .... 

•» /      .... 

178.5 

14 

46.2 

211.2 

237.0 

198.4 

211.2 

189.8 

15 

62.8 

155.3 

242.1 

198.4 

211.2 

189.8 

16 

62.8 

211.2 

242.1 

198.4- 

211.2 

189.8 

17 

62.8 

189.8 

231.8 

198.4 

211.2 

189.8 

18 

81.9 

189.8 

242.1 

178.5 

211.2 

189.8 

19 

'     81.9 

189.8 

242.1 

178.5 

194.7 

189.8 

20 

81.9 

189  8 

242.1 

178.5 

194.7 

178.5 

21 

92.2 

-178.5 

252.5 

146.3 

194.7 

178.5 

22 

103.3 

178.5 

252.5 

146.3 

189  8 

178.5 

23 

103.3 

178.5 

242.1 

178.5 

189.8 

189.8 

24 

103.3 

178.5 

2i2.1 

178.5 

las.o 

189.8 

25 

135.1 

178.5 

242.1 

211.2 

189.8 

189.8 

26 

140.8 

167.8 

242.1 

198.4 

189.8 

189.8 

27 

140.8 

167.8 

247.3 

198.4 

189.8 

189.8 

28 

140.8 

167.8 

247.3 

198.4 

189.8 

189.8 

29 

140.8 

167.8 

247.3 

216.4 

189.8 

189.8 

30 

140.8 

167.8 

242.1 

216.4 

189.8 

189.8 

31 

167.8 

211.2 

189.8 

DUTY  OF  WATER  UNDER  THE  HEDOB  CANAL. 


Area  irrigated acres 

Water  used acre-feet 

Average  depth  of  water  applied feet 

Duty  of  water  in  acres  per  miDer's  inch acres 


1901. 

5.260 

20,8&3 

3.97 

1.64 


1902. 

5,420 

31,274 

5.76 

1.46 
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DUTY  OP  WATEfe  UNDER  THE  WARD  CANAL. 

The  Ward  canal  diverts  water  from  the  Skalkaho  creek,  a  tributary  of  the 
Bitter  Root  river.  Id  1902  this  canal  irrigated  3,985  acres  of  bench  l&nds  located 
above  the  Hedge  canal.  It  is  7  miles  long,  has  a  bottom  width  of  about  8  feet  and 
is  built  on  a  grade  of  5.28  feet  per  mile.  The  greatest  flow  during  1902  was  2,800 
miners'  inches  and  occurred  June  23  to  July  3. 

Plate  IV  shows  by  means  of  a  diagram  the  daily  discharges  for  L902  and  the 
average  depths  of  water  applied  each  month  of  the  irrigation  season. 


DAILY   DISCHARGE  OF  THE   WARD   CANAL,  AS    MEASURED   AT  THE  OLD   FLUME 
NEAR  THE  HEAD  ON  SKALKAHO  CREEK,  APRIL  18  TO  SEPTEMBER  SO,  1£02. 


Day 

April. 

May. 

June. 

July, 

August. 

Sept. 

Acre-Feet. 

Acre-Feet . 

17.6 
17.6 
13.2 
13.2 
13.2 
13.2 
22.8 
22.8 
51.7 
69.4 
69.4 
88.2 
88.2 
88.2 
51.7 
107.9 
88.2 

Acre-Feet. 

Acre-Feet. 

Acre  Feet* 

Acre- Feet. 

1 

118.4 
118.4 
118.4 

97.7      . 

97.7 
107.9 
107.9 
118.4 
118.4 
118.4 
118.4 
118.4 
128.3 
128.3 
128.3 
128.3 
128.3 

138.8 

138.8 

138.8 

35.9 

107.9 

107.9 

107.9 

107.9 

88.2 

88.2 

88.2 

97.7 

88.2 

81.6 

88.2 

88.2. 

88.2 

51.7 
51.7 
51.7 
35.9 
35.9 
35.9 
35.9 
35.9 
22.8 
22.8 
22.8 
^.8 
22.8 
•22.8 
22.8 
22.8 
22.8 

13.2 

2     ^ 

13.2 

3 

13.2 

4 

13.2 

5 

13.2 

6 

13.2 

7 

13.2 

8 

13.2 

9 

6.7 

10 

6.7 

11 

6.7 

12 

6.7 

13 

• 

6.7 

14 

6.7 

15 

6.7 

1^ 

6.7 

17 

6.7 

18 

22.8 

107.9 

128.3 

88.2 

22.8 

6.7 

19 

22.8 

107.9 

128.3 

51.7 

22.8 

6.7 

20 

22.8 

107.9 

128.3 

51.7 

22.8 

6.7 

21 

^.1 

97.7 

128.3 

51.7 

22.8 

6.7 

22 

22.8 

97.7 

128.3 

51.7 

22.8 

6.7 

23 

13.2 

97.7 

138.8 

69.4 

22.8 

6.7 

24 

13.2 

107.9 

138.8 

69.4 

17.6   . 

6.7 

25 

.      13.2 

128.3 

138.8 

69.4 

17.6 

6.7 

26 

^13.2 

128.3 

138.8 

88.2     " 

17.6 

6.7 

27 

.-.13.2 

118.4 

138.8 

69.4 

17.6 

6.7 

28 

.     13:2 

97.7 

138.8 

69.4 

^     17.6 

6.7 

29 

13> 

88.2 

138..  8 

.        51.7 

17.6 

6.7 

30 

"17,0.     - 

88.2  " 

.138.8  - 

.  '   51.7 

17.6 

6.7 

31 

,  ■  107.9      .. 

-  •'. .. 

'j-  - 

•51.7 

6.7 

- 

"rfUTY  Ol^'W^WER  UNDER  WARD 

CANAL. 

1901, 

1902. 

Area  Irrigated . .  *. 

acres 

3.587 

3.9a5 

Water   used  

acre  U 

?et       8,626 

9.933 

Average  depth  of  water  applied 

...    . .  teex 

2.41 

2.49 

Dutj 

r  of  water  in 

acres  per  mm 

er's  inch 

acres 

2.81 

3.30 

1"  ','*' 
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MONTANA  EXPERIMENT   STATION. 


DUTY  OP  WATER  UNDER  SKALKAHO  CANAU 

This  canal,  ivhich  is  also  supplied  from  Skolkaho  creek  is  about  7  miles  loDsr, 
of  which  2}4  miles  consist  of  flumes  <^  feet  8  inches  wide'inside,  by  2  feet  8  inches 
high.  The  grade  is  5.28  feet  per  mile  throughout.  The  greatest  flow  for  the  sea- 
son of  1902  was  2J96  miners'  inches  and  occurred  July  1  and  2. 

The  diagram  illustrating  the  flow  on  Plate  V  indicates  considerable  fluctuatioD 
in  the  flow. 

DAILY    DISCHARGE    OF    SKALKAHO    CANAL,    AS    MEASURED    JUST    ABOVE     THE 
.     UPPER  SIPHON   AND  ABOUT  TWO  MILES  BELOW  THE  HEAD,  APRIL  8 

TO  SEPTEMBER  SO,  1902. 


DAY 

APKIL. 

MAY. 

JUNE. 

JULY. 

AUGUST. 

SEPT. 

Acre-Feet . 

Ac  re- Feet. 
30.1 

;w.i 

:^.l 
3).l 

Ac  re- Feet. 

73.3 
73.3 
73.3 
73.3 

Acre-Feet . 

Acre-Feet. 

Acre-Feet. 

1 

138.6 

138.6 

91.2 

22.3 

82.3 
82.3 
82.3 
82.3 

61.2 

2 

61.2 

3 

54.3 

4 

54.3 

5 

39.1 

120.0 

13S.6 

82.3 

54.3 

B 

39.1 
5  J. 9 
57.7 

120.0 
12  J.  0 
120.0 

91.2 
12J»0 
120.0 

82.3 
82.3 
82.3 

54.3 

7 

54.3 

8 

13.2 

54.3 

9 

10. 1 

64 . 6 

120.0 

12J.0 

120.0 

54.3 

10 

19.2 

73.3 

91.2 

120.0 

82.3 

50.9 

11 

13.-^, 

73.3 

120.0 

82.3 

120.0 

48.0 

12 

n/2 

73.3 

12). 0 

12«3.0 

134.4 

48.0 

13 

U.Z 

73.2 

12 '.0 

120.0 

82.3 

.    48.0 

14 

13.2 

73.3 

120.0 

12>.0 

12  J.  0 

48.0 

15 

13.2 

73.3 

120.0 

134.4 

120.0 

48.0 

16 

13.  J 
17.4 

73.3 
73.3 

I3f).l 
12 '.0 

12».0 
73.3 

48.0 

17 

120.0 

48.0 

18 

:HM 

73.3 

120.0 

82.3 

73.3 

48.0 

19 

25.9    .  ' 

f        64.'^ 

120.0 

82.3 

73.3 

48.0 

20 

25.9. 

'64.6 

120.0 

82.3 

73.3 

50.9 

21 

25.9 

G4.6 

120.0 

82.3 

77.7 

50.9 

22 

2'). 9 

C4.'> 

120.0 

134.4 

77.7 

50.9 

23 

25.9 

73.3 

120.0 

120.0 

68.8 

50.9 

24 

22.3 

73.3 

21.0 

134.4 

64.6 

48.0 

25 

22.3 

91.  !> 

120.0 

120.0 

6S.8 

64.6 

26 

22.3 

12»).3 

V.UA 

82.3 

64.6 

61.2 

27 

25.9 

82.3 

138.0 

82.3 

64.6 

61.2 

29 

25.9 

8L>.3 

134.4 

82.3 

64.6 

61.2 

29 

25.9 

S:\'i 

13M 

121.0 

61.2 

61.2 

30 

25.9 

S2.3 

}34.4 

120.0 

61.2 

61.2 

31 

liO.O 

«2.3 

57.7 

DUTY    OP   WATER  UNDER  SKALKAHO  CANAL. 


AreH  In  lighted acres 

Wat^r   u^pd acre-feet 

Av(  rniif  t\('V^h  of  wator  applifd feet 

Duty  of  water  in  arrc  s  per  miner's  inch acres 


1901. 

1,600 

7,494 

4.68 

1.40 


1902. 

1,975 

13,423 

6.79 

1.21 
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MONTANA   EXPERIMENT  STATION. 


,    -  DUTY  OF  WATER  UNDER  GIRD  CREEK  CANAL. 

The  entire  flow  of  Gird  Creek  is  utilized  for  irrigation  purposes  during  the 
summer  months  by  means  of  two  canals.  Of  the-e  South  Gird  canal  Is  the  Ligher 
and  irri^rales  lands  beyond  the  end  of  the  Bkalkaho  canal.  South  Gird  canal,  or 
ditch,  is  six  feet  wide  on  the  bottom,  two  feet  deep  and  is  built  on  a  grade  of  5^ 
f^et  per  mile.  North  Gird  canal  is  of  about  the  same  dimensions  and  irri- 
gates the  lands  lying  qorth  of  Gird  Creek  and  above  the  Ward  canal.  Daring  the 
past  sea.son  the  maxiiuum  flow  of  the  North  canal  was  1.128  miners'  inches  and  of 
the  South  canal  1.660  miners'  inches.  -TJ!!!^ 

The  following  table  wiih  the  accompanying  diagram  represents  the  discharge 
of  South  canal  for  19v>2,  while  the  remaining  table  gives  the  duty  of  water  under 
the  North  canal. 


DAY 

APRIL. 

•  MAY. 

JUNE. 

JULY. 

AUG. 

SEPT. 

.Acre-Feet. 

.Acre-Feet. 

Acre- Feet. 

Acre-Feet. 

Acre- Feet. 

Acre-Feet . 

1^ 

• 

«   ■   •   • 

21.62 

65.26 

73.79 

56.43 

56.43 

2 

■ 

21.62 

73.79 

73.79 

65.26 

56.43 

3 

» 

■ 

21.62 

73.79 

73.79 

65.26 

56.43 

4 

•   1 

21.62 

78.15 

56.43 

56.43 

5 

21.62 

82  32 

78.15 

65.26 

66.43 

6 

* 

30.35 

78.15 

82  32 

73.79 

.43 

7  J 

8  ' 

• 

30.a"> 

7S.15 

78.15 

73.79 

30.35 

• 

30.35 

82.32 

73.79 

82.32 

30.35 

9 

.'     7.79 

3».).3') 

78.15 

65.26 

82.32 

30.35 

10 

8.62 

.30.35 

73 .  79 

30.35 

73.79 

30  35 

11 

7.79 

65.23 

73.79 

30.35 

73.79 

30.35 

12 

7.79 

65.26 

73.79 

39.17 

73.79 

30.35 

13 

7  76 

65.26 

73.79 

47.78 

82.32 

15.51 

14 

4.49 

65.26 

82.32 

47.78 

73.79 

15.51 

15 

4.46 

65.26 

82.32 

47.78 

73.79 

30.35 

16 

4  46 

65.26 

82.32 

39.17 

73.79 

30.35 

17 

6.84 

76.27      ^ 

73.79 

39.17 

65.26 

30.36 

18 

11.70 

76.27 

73.79 

39.17 

a5.25 

30.35 

19 

12  n6 

65  26 

73.79 

39.17 

65.26 

30.35 

20 

J5  51 

65  26 

73.79 

39.17 

65.26 

3D.  35 

21 

15.51 

^5  26 

73.79 

39.17 

65.26 

30.35 

22 

21.62 

73.79 

73  79 

47.78 

65.26 

^      30.35 

23 

21.62 

73  79 

73.79 

47.78 

65.26 

30.35 

24 

15.51 

73.79 

82.-32 

39.17 

a5.26 

30.35 

25 

15.51 

73.79 

82.32 

39.17 

56.43 

89.17 

26 

15.51 

65.26 

73.79 

47.73 

56.43 

39.17 

27 

21.62 

&5.26 

82.32 

47.78 

56.43 

39.17 

28 

21.62 

73.79 

82.. 32 

47.78 

56.43 

39.17 

29 

21  62 

82.32 

82  32 

5.16 

56.43 

21.62 

.30 

21.62 

73.79 

78.15 

5  16 

56. 4:^ 

21.62 

31 

73.79 

3.97 

47.78 

« 

DUTY  OP  WATER  UNDER  THE  NORTH  GIRD  CREEK  CANAL. 

1901. 

Area    irrlpatod acres  1,211 

Watc  r  u«»'d acre-feet  1.759 

Average  Hfpth   of  water  applied fret  1.45 

Dutv  of  wat<  r  in  acr-  j*  rer  miner's  inch acres  2.56 


1S02. 

L345 

4.710 

350 

2.04 
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MONTANA    EXPERIMENT  STATION. 


DUTY  OP  WATER  IN  GALLATIN  VALLEY. 

During  the  past  four  years  the  quautities  of  water  used  on  the  farms  watered 
by  the  Middle  Creek  Cana!  have  been  measured.  In  1902  the  investigations  were 
extended  to  include  the  West  Gallatin  Irrigation  Company's  canal  and  the 
Kughen,  Weaver  and  Stone,  and  Monforten  ditches,  the  combined  flow  of  which 
irrifcates  about  7,800  acres.  Only  the  results  of  the  Middle  Creek  Canal  are  given 
in  this  bulletin. 

DUTY  OF  WATER  UNDER   MIDDLE  CREEK  CANAL. 

This  canal  taps  Middle  Creek  at  a  point  about  3  miles  below  the  canyon,  ex- 
tends in  a  northeasterly  direction  for  a  distance  of  about  5  miles  and  irrigates  the 


DAILY  DISCHARGE  OF  MIDDLE  CREEK  CANAL,  AS  MEASURED  NEAR  THE  HEAD- 
GATES,  FOR  THE  SEASON  OF  1902. 


MAY. 

JUNE. 

JULY. 

AUGUST. 

Date. 
1 

sa-2 

^1 

OB     • 

H 

:s.S 

1508.4 
1200.0 
1256.4 
1684.8 
1975.2 
2' '21. 6 
2287.6 
2426.2 
2599.6 
3170.8 
3164.0 
3150.4 
3260.0 
2422.4 
2299.6 
2159.6 
1979.6 
1443.2 
1306.8 
135?:  2 
1357.6 
1807.6 
2510.8 
2663.2 
2548.4 
2387.6 
2167.2 
1466.4 
1372.8 
1420.4 

£-^ 

74.8 

59.4 

62.3 

83.5 

97.9 

100.4 

113.4 

120.3 

128.9 

157.2 

157.2 

156.2 

161.6 

120.1 

114.3 

107.1 

98.1 

71.5 

64.7 

67.3 

67.3 

89.6 

124.7 

132.0 

126.3 

118.4 

107.4 

72.7 

68.0 

70.4 

OB      • 

o  S 

"^  5; 
S.S 

1262.4 

1161.2 

804.8 

564.0 

444.0 

388.0 

431.2 

551.2 

734.0 

788.0 

772.2 

867.2 

a33.6 

996.0 

1114.0 

1194.4 

1268.0 

1162.4 

972.0 

893.6 

924.4 

936.4 

996.S 
1001.2 
a36.8 
878.0 
854.8 
o44.o 
919.2 
909.2 

<s  . 

62.5 
57.5 
^39. 9 
27.9 
22.0 
19.2 
21.4 
27.3 
36.4 
38.7 
38.2 
43.0 
46.2 
49.3 
56.7 
50.2 
62.8 
57.6 
48.2 
•   44.3 
45.8 
46.4 
47.5 
49.4 
49.6 
46.4 
43.5 
42.3 
41.9 
45.6 
45.0 

jn    • 
"u  2 

S.S 

886.8 
818.8 
792.0 
801.6 
747.2 
754.8 
751.6 
795.6 
811.2 
764.8 
766.4 
804.4 
a34.8 
710.8 
842.0 
833.2 
862.0 
792.0 
645.6 
667,2 
621.6 
619.6 
350.0 

43.9 

2 

• 

40.6 

3 

39.2 

4 

" 

39.7 

5 

37.0 

6 

37.4 

7 

37.2 

8 

n 

39.4 

9 

40.2 

10 

37.9 

11 

38.0 

12 

39.8 

13 

41.4 

14 

35.2 

15 

41.7 

16 

41.3 

17 

42.7 

18 

39.2 

19 

32.0 

20 

'•       •       -     *    . 

33.0 

21 

30.8 

22 

30.7 

23 

17.3 

24 

25 

26 

27 

110.4 

721.6 

1307.2 

1544.0 

1821.2 

5.4 
25.7 
64.8 
76.5 
90.3 

28 

29 

30 

31 

• 

1 

- 

• 

262.7 

'jXJU^  .  d 

1,363.0 

856.6^ 
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54  MONTANA  EXPERIMENT  STATION. 

farms  south-west  of  BozemaD,  including  that  of  the  Experiment  Station.  In  the 
spring  of  1BQ9  a  rating  station  was  established  xust  below  the  main  headgates  and 
the  daily  discharge  has  been  determined  for  four  successive  seasons.  In  1899  the 
area  irrigated  was  obtained  by  interviewing  each  stockholder,  whose  statement 
was  taken  as  the  acreage  on  his  farm  watered  from  this  source.  The  same  acreage 
was  used  in  1900  but  in  1901  a  new  census  was  taken  which  showed  that  the  ex- 
tent of  land  irrigated  had  decreased.  During  the  past  season  Assistant  Professor 
Baker,  with  the  aid  of  several  advanced  students  in  civil  engineering,  made  a  com- 
plete plane  table  survey  of  Middle  Creek  and  the  district  irrigated  by  means  of 
ditches  from  this  source.  The  acreage  under  this  canal  as  contained  in  the  fol- 
lowing table  may  therefore  be  relied  on.  In  1899. 1135  acres  were  summerfallowed 
und^r  this  canal  while  in  1902  there  were  only  344  acres.  A  highly  profitable 
clover  crop  being  rn  nearly  every  case  substituted  for  the  unprofitable  fallow-land 

DUTY  OP  WATER  UNDER   MIDDLE  CREEK  CANAL. 

•    .  ■     .  -"^ 

1899.        1900.        1901.        1902. 

Area  irrigated •. . . .  .acres  3,853  3,853  3,186  4,828 

Water  used acre-feet  8,074  7324  7,454  5,577 

Average    depth  of  water  applied feet  2.10  1.90  2,34  1.15 

Duty  of  water  in  acres  per  miner's 

inch acres  2.19  2.75  2.26  a78 
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APPLE  GROWING  IN   MONTANA 


R.   W.   FISHER. 


Introduction. 


The  people  outside  the  natural  fruit  districts  are  fast  realizing  the 
fact  that  apples  can  be  successfully  grown  in  the  higher  altitudes  of 
this  state,  and  in  many  places  where  was  once  a  barren  w^aste,  or 
cattle  range,  are  now  to  be  found  young  orchards,  which  arc  surely 
destined  to  produce  fruit,  and  become  a  source  of  revenue  to  the 
farm. 

The  failures  of  the  past  in  growing  apple  trees  have  been  due  to 
one  or  several  of  ihc  following  reasons : 

I.     Tender  or  worthless  varieties  . 
'  2.     I'ncongenial  soils. 

3.  Poor  planting. 

4.  Insufficient  or  indifferent  care  after  planting,  or  many  causes 
that  result  in  failure,  in  even  more  favored  localities  than  ours. 

However  these  attempts,  although  a  failure  was  the  immediate 
result,  have  been  of  very  great  value  to  the  interests  of  horticulture, 
in  that  they  have  shown  the  varieties  that  can  be  successfully  growm, 
and  the  methods  best  to  pursue  in  the  growing  of  these  varieties. 

With  the  exception  of  the  Bitter  Root  valley,  and  possibly  the 
Flathead  and  Yellowstone  valleys,  the  question  is,  and  has  been, 
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what  varieties  can  be  grown,  and  not;  what  are  the  best  varieties 
to  grow? 

From  the  experience  of  the  horticulturists  throughout  the  State, 
and  the  results  obtained  from  the  Experiment  Station  orchard  and 
nursery,  we  are  able  to  name  the  varieties  best  adapted  to  the  differ- 
ent parts  of  the  State,  and  also  the  methods  of  planting,  cultivation, 
irrigation,  et  cetera,  best  to  pursue..  And  with  the  present  knowl- 
edge, every  farmer  in  the  State  below  an  altitude  of  5,000  feet,  can, 
and  should,  grow  at  least  enough  fruit  to  supply  his  own  table. 


Soils  and  Slopes. 


Any  soil  that  produces  a  good  farm  crop,  will  also  grow  good  ap- 
ples, if  the  proper  precautions  are  taken  to  keep  it  in  good  condition. 
Strong  gumbo  or  alkaline  soils  should  not  be  planted  to  orchard 
trees,  nor  soils  underlaid  near  the  surface  with  hard-pan. 

While  there  is  a  preference  for  a  northern  slope,  yet,  the  fact  that 
one  is  not  procurable  should  not  deter  one  from  planting  trees,  if 
he  has  a  good  soil  and  other  favorable  conditions.  In  very  exposed 
and  windy  places  wind-breaks  are  undoubtedly  of  value,  especially 
after  the  trees  come  into  bearing,  as  they  break  the  force  of  the  wind 
and  prevent  the  fruit  from  falling  before  it  is  mature. 


7      .Preparation  of  the  Ground. 


The  orchard  site  should  be  in  perfect  condition  for  planting  before 
any  trees  are  set  out,  as  it  is  a  very  hard  matter  to  correct  evils  in 
grading  and  plowing  after  the  trees  are  in  their  places.  Some  grain 
or  forage  crop,  or  preferably  a  crop  that  requires  deep  and  contin- 
uous cultivation  is  desirable  to  grow  for  a  year  or  two  previous  to 
planting  the  trees.  '  It  is  of  first  importance  that  the  ground  is 
properly  graded  so- that  irrigation  water  can  be  easily  applied,  for 
it  is  almost  impossible  to  do  this  after  the  trees  have  been  set  out. 

If  the  trees  are    to  be    planted  in  a  heavy  soil,  some  precautions 
should  be  taken  to  break  up  the  subsoil  thoroughly.     Placing  dyna- 
mite in  the  holes  where  the  trees  are  to  stand  has  been  tried  with 
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success;  but  a  liberal  application  of  barn-yard  manure,  to  give  the 
necessary  humus,  and  deep  subsoiling  for  a  year  or  two  previous  to 
planting,  would  probably  give  better  results. 

In  localities  where  the  water-level  comes  within  eight  or  ten  feet 
of  the  surface,  and  remains  for  any  length  of  time,  especially  in  the 
summer  and  fall,  drainage  is  necessary,  and  unless  this  can  be  eas- 
ily accomplished,  it  would  probably  be  a  loss  of  time  and  money  to 
attempt  to  grow  an  orchard  on  such  land. 


Planting  the  Tree. 


The  ground  being  in  good  condition,  the  next  consideration  is  the 
planting  of  the  tree,  and  on  this  depends  much  of  the  future  useful- 
ness of  the  orchard. 

In  all  parts  of  the  state,  with  the  possible  exception  of  the  Bitter 
Root  valley,  spring  planting  will  give  the  best  results,  and  the  earlier 
in  the  spring  after  the  frost  is  out  of  the  ground  the  better. 

Have  the  holes  large  enough  to  receive  the  roots  without  in  any 
way  cramping  them,  and  deep  enough  so  that  the  tree  will  stand  a 
trifle  deeper  than  it  was  in  the  nursery.  It  is  also  a  good  plan,  if  the 
ground  is  not  very  loose,  to  dig  up  four  or  five  inches  of  loose  soil 
in  the  bottom  of  the  hole. 

When  the  tree  is  in  place,  fill  in  around  the  roots  with  fine  soil, 
being  careful  that  there  are  no  air  spaces  left  near  the  roots.  Fill 
the  hole  nearly  full,  and  then  tamp  down  firmly,  and  if  the  soil  is 
inclined  to  be  dry,  water  should  be  added  and  allowed  to  soak  away 
into  the  ground  before  the  top  soil  is  filled  in,  which  should  be  left 
in  a  loose  condition,  to  act  as  a  mulch,  thus  preventing  undue  evapor- 
ation and  retaining  the  soil  moisture. 

Trim  off  all  broken  or  lacerated  roots,  as  a  smooth  cut  heals  over 
more  readily  and  induces  new  roots  to  form.  And  since  a  good  part 
of  the  root  system  has  been  lost  in  the  operation  of  digging,  the  top 
will  have  to  be  pruned  back  to  regain  the  balance  of  top  and  root. 
In  three  year  old  trees  that  have  already  been  "headed"  or  formed 
in  the  nursery,  all  the  twigs  or  limbs  should  be  cut  back  to  4  or  5 
buds,  and  allowed  to  develope  to  their  full  capacity  until  the  follow- 
ing year.  With  a  one  year  old  tree,  ie.,  with  a  top  of  one  year's  growth 
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on  a  two  year  old  root,  (which  is  the  best  size  tree  to  plant,  all  things 
considered),  it  should  be  cut  back  to  a  prominent  bud,  at  the  distance 
from  the  ground  it  is  desired  to  have  the  tree  branch.  From  twenty- 
four  to  forty-two  inches  is  the  best  height  to  head  the  trees,  depend- 
ing on  the  variety,  location,  and  one's  ideal  of  what  a  tree  should  be. 


Laying  off  the  Ground. 


The  land  should  be  laid  off  in  straight  rows,  from  eighteen  to 
twenty-five  feet  apart,  and  the  exact  location  of  each  tree  deter- 
mined before  the  holes  are  dug,  as  straight  rows  of  trees  add  much 
to  the  beauty  oT  an  orchard,  and  also  facilitates  harvesting  and 
spraying. 

Where  a  large  number  of  trees  are  to  be  planted,  Mr.  O.  S.  Chil- 
cott,  of  Rockvale,  has  a  very  good  method  of  laying  off  the  ground 
and  digging,  the  holes.  He  says :  "Instead  of  digging  the  holes,  I 
plow  them.  First,  I  lay  off  the  field  with  light  furrows  running 
crossways,  for  guides  to  plant  by,  then  these  are  crossed  by  furrows 
running  the  way  we  irrigate,  made  with  a  heavy  team  and  plow. 
When  the  furrow  is  run  I  take  out  of  the  bottom  another  one  by 
straddling  it  with  the  team  and  having  the  driver  stand  on  the  end  of 
the  plow  beam  and  double-trees.  This  will  enable  one  to  take  a  full 
furrow  out  of  the  bottom  of  the  first  one,  making  it  so  deep  that  the 
tree  holes  are  practically  dug,  and  the  x:ross  furrows  indicate  exactly 
where  the  trees  are  to  stand.  Now  the  planter  can  go  ahead  without 
measuring  or  sighting.  He  simply  puts  a  tree  at  the  intersection  of 
the  furrows,  and  if  the  furrows  have  been  properly  made,  the  trees 
will  be  in  perfectly  straight  rows." 


Irrigation  and   Cultivation. 


In  most  sections  of  the  State,  irrigation  is  essential  to  the  best  re- 
sults, and  in  many  places  absolutely  necessary  in  order  to  get  a  crop ; 
and  where  irrigation  is  practiced,  the  trees  should  be  given  plenty  of 
water  during  the  spring  and  early  summer,  and  by  the  first  or  fif- 
teenth of  July  the  water  should  be  witheld.  By  doing  this  the  trees 
will  make  a  normal  growth,  and  will  have  time  to  thoroughly  ripen 
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their  wood  before  freezing  weather,  thus  being  better  able  to  stand 
the  cold  and  fluctuations  in  temperature  throughout  the  winter  and 
early  spring.  When  water  is  applied  it  should  be  given  in  sufficient 
quantity  so  that  the  ground  is  moistened  deep  enough  to.  reach  all 
the  roots,  otherwise  it  does  but  little  good. 

Where  "clean  cultivatton"  is  practiced,  (and  this  is  undoubtedly 
the  best  method  to  pursue  for  at  least  the  first  four  or  five  years), 
the  orchard  should  be  cultivated  about  every  ten  days  throughout  the 
growing  season,  and  especially  as  soon  after  an  application  of  water 
as  is  possible.  Until  the  orchard  is  several  years  old  it  should  be 
plowed  each  spring,  being  careful  not  to  disturb  the  roots ;  and  then 

cultivated  with  a  disc  or  spring  tooth  harrow  during  the  early  part 
of  the.  summer.  After  August  ist  shallow  cultivation  once  in  ten 
days  or  two  weeks  is  all  that  is  necessary  to  keep  down  the  weeds 
and  retain  the  moisture  in  the  soil. 


Pruning. 

The  tree  that  was  cut  back  at  transplanting,  will  have  formed  the 
following  year  a  large  number  of  small  shoots.  From  these  select 
three  to  five  of  the  strongest  and  best  shaped  limbs  (cutting  out  all 
the  rest),  and  at  the  same  time  taking  care  that  they  are  evenly  dis- 
tributed around  the  tree,  and  form  no  crotches.  After  having  decided 
upon  the  limbs  intended  to  form  the  framework  of  the  tree,  shorten 
them  back  to  within  a  foot  of  the  main  stem,  always  cutting  to  a 
strong  bud.  As  a  rule  the  weaker  the  growth  the  harder  it  ought  to 
be  cut  back,  as  this  will  encourage  wood-growth  the  followmg  season. 

The  next  years  pruning  is  done  along  the  same  line,  choosing  the 
limbs  that  are  to  make  the  upward  growth  of  the  tree,  and  shorten- 
ing the  season's  growth  back  some,  observing  always  that  there  are 
no  crotches  or  cross  limbs  left.  The  necessary  pruning  during  the 
following  years  does  not  materially  differ  from  that  described  for 
the  second  and  third  years. 

The  object  should  be  to  get  a  symmetrical  low-headed  tree,  with 
no  crotches  or  cross  limbs,  and  without  too  much  wood.  The  best 
time  to  do  pruning  in  Montana,  where  wood  growth  is  the  first  con- 
sideration, is  in  the  winter  or  early  spring.     But  of  more  importance 
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than  the  time  is  the  way  in  which  the  pruning  is  done.  Always 
make  a  smooth  cut,  and  do  not  leave  stubs  sticking  out  from  the  side 
of  a  tree,  expecting  them  to  heal  over.  Make  the  cut  as  near  the 
main  limb  as  possible,  and  if  large  (from  one  to  one  and  one-half 
inches  and  above),  it  is  a  good  plan  to  cover  the  wound  with  white 
lead  and  linseed  oil  paint. 


Varieties. 


Practically  all  the  varieties  commonly  grown  in  the  United  States 
have  been  tried  in  Montana,  and  from  these  have  been  selected  those 
best  suited  to  our  conditions.  Yet  even  in  the  same  locality  there  is 
much  difference  of  opinion  as  to  the  best  apples  to  grow,  either  for 
home  or  market  purposes,  and  it  is  not  the  object  of  this  bulletin  to 
attempt  to  determine  those  varieties,  but  rather  to  name  the  varities 
that  have  been  grown  successfully,  and  to  give  the  comparative  val- 
ues of  these  apples  for  home  or  market  usesi 

For  this  purpose  the  following  table,  taken  from  the  United  States 
Department  of  Agriculture  and  used  by  the  American  Pomological 
Society  in  the  description  of  /ruits,  is  insen  vd  in  part : 
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Section  i.— APPLES.     (Pynis.) 


SuBSBcnoN  1.— CRABS.    {P,  BACCATA.)* 

[Key— Size,  scale  1  to  10:  1,  very  small;  10,  very  large.  Form:  c,  conical;  i,  irregular;  o,  oblate; 
ob.  oblong;  ov,  ovate;  r,  round.  Color:  g,  green;  r,  red;  ru,  russet;  s,  striped;  w,  white;  y,  yellow. 
Flavor;  a,  acid;  m.  mild;  s,  sweet.  Quality,  scale,  1  to  10:  1,  very  poor;  10,  best.  Season:  e, 
early;  m,  medium;  1,  late;  vl,  very  late.  Use:  c,  cider;  d,  dessert;  k,  kitchen;  ra,  market.  Abbrevi- 
ations of  names  of  places  of  origin:  Am.,  America;  Eug.,  England:  Eur.,  Europe;  Fr.,  France;  Ger,; 
Germany;  Holl.,  Holland;  Ont.,  Ontario;  Rus.,  Russia;  Scot.,  Scotland.] 


Name. 
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Subsection  2.— APPLES.  (P.  MALUS). 
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Arkansas  (Mam.  Blk.  Twig).... 

Bailey  Sweet 

Baldwin 

Ben  Davis 

Bethlehemite 

Bietigheimer 

Blue  Pearmain 

Bough,  Sweet 
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'Includes  such  possible  hybrids  as  strongly  manifest  Crab  parentage. 
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Section  i.— APPLES      (Pyrus)— Continued. 


Subdivision  2.— APPLES.    (P.  MALL'S,)— Coiitliuied, 


Name. 


DescTlptlou. 


8 


Fall  Wine 

Fameuae 

Family 

Gano 

Gideon    

Golden  Russet  (N.  Y.) 

Golding  (American  Golden  Pip- 
pin)          

Graven8t*»iu 

(>  ravensteln,  Russian 

Haa8  (Fall  Queen) 

Hibernal  

Hubbardston 

JefferlH  
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Lat-e  Strawberry 

Lawver  ( Dele  ware  Red  Winter) 

Limber  Twig 
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McMahon  ". 

Maitlen  Blush 
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Nort wenteni  ({reening 
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Pewaukee 

Plumb  Ciller 
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Red  Astrm'han 

Rf  d  Canada a 

Red  June 

Rhode  Island  Greening 

Romanite  South 

Rome  Beauty 

Scott  Winter 

Shiawassee 

Hmlth  Cider  

Summer  Pearmain 

Kwaar  

Tetofsky • 

Tompkins  King  • 

Twenty  Ouncre 

Vandevere 
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In  order  to  learn  the  varieties  that  are  best  adapted,  and  most  com- 
monly grown  in  the  State,  letters  were  sent  out  inquiring  of  the 
prominent  fruit-growers  in  the  several  fruit  districts,  the  varieties 
best  adapted  to  their  paricular  locality,  and  from  these  answers,  the 
prospective  apple  grower  may  learn  the  varieties  best  to  plant. 


VARIETIES. 


Yellowstone  Valley. 


From  the  Yellowstone  valley,  the  varieties  recommended  by  Mr. 

Olney  Taylor  of  Park  City,  are  in  the  order  given : 

Yellow  Transparent  Wealthy, 

N.  W.  Greening,  Mcintosh  Red, 

Duchess  de  Oldenburg,  Ben   Davis 

Walbridge,  Alexander. 

Crabs. 
Transcendent,  Martha. 

Mr.  O.  S.  Chilcott,  of  Rockvale,  says:  "A  great  many  varieties 
of  apples  have  been  planted  here  within  the  last  few  years,  and  prac- 
tically all  the  trees  seem  to  do  well.  I  will  not  attempt  to  give  a  list 
of  the  varieties  planted,  but  rather  of  those  that  have  borne  fruit. 
Those  that  have  been  most  thoroughly  tested  and  are  recommended 
for  general  planting  are  marked/'* 


*Yellow  Transparent, 

♦Wealthy, 

October, 

Gideon, 

Okabena, 

Thompson's  Seedling 

Fameuse,  or  Snow, 

Wine  Sap, 

Walbridge, 

Wagener, 

Alexander, 

♦Transcendent, 
♦Martha, 
White  Arctic, 
Hyslop. 


Crabs. 


♦Duchess,, 

August, 

Peter, 

Hibernal, 

Tetofsky, 

N.  W.  Greening, 

♦Ben    Davis, 

♦Gano, 

Wolf    River, 

Malinda, 

Jonathan. 

♦Florence, 
Whitney,  No.  20, 
General   Grant, 
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Northern  Montana. 


Mr.  Peter  Denny  at  Chinook,  and  Mr.  W.  M.  Wooldridge  at  Hins- 
dale, have  given  the  varieties  gjown  in  the  northern  part  of  the  State, 
and  while  most  all  the  orchards  are  as  yet  too  young  to  bear  fruit, 
yet  the  trees  have  been  out  long  enough  to  test  their  hardiness,  and 
since  their  altitude  and  growing  season  does  not  differ  materially 
from  other  sections  of  the  State  where  the  same  varieties  have  borne 
fruit,  it  might  reasonably  be  expected  that  they  also  will  mature  their 
fruit. 

Mr.  Denny  recommends  the  Wealthy,  Duchess,  and  Gibb,  and 
Transcendent  crab.  Mr.  Wooldridge  says :  "Apple  culture  is  meet- 
ing with  su.ccess  in  the  Milk  River  valley ;  the  varieties  which  seem 
best  adapted  to  the  valley  are.  Duchess,  Wealthy,  Gano,  Alexander, 
Mcintosh  Red,  Bethel,  and  crabs." 


Flathead  Valley. 


For  the  Flathead  valley,  O.  C.  Estey  and  Mr.  J.  C.  Wood  of  Big 
Fork  have  given  the  varieties  commonly  grown  in  that  district. 

Mr.  Wood  says :  **There  are  one  hundred  or  more  vitrieties  grown 
here,  out  of  which  not  more  than  a  dozen  or  fifteen  are  satisfactory, 
and  some  of  these  only  in  favored  localities.  For  general  planting 
these  are  in  the  order  named : 

Yellow  Transparent,  Mcintosh  Red, 

Duchess,  W.  W.  Pearmain, 

Alexander,  McMahon, 

Wealthy,  Aiken, 

Red  June,  Rome  Beauty, 

Red  Astrachon,  Fameuse, 

Walbridge,  Gano. 

Of  the  above  named  varieties,  the  Alexander  is  undoubtedly  the 
best  for  extensive  planting  throughout  the  valley;  while  in  the  Lake 
region,  the  Mcintosh  Red  leads  all  other  varieties,  with  the  Wealthy 
a  close  second." 

Mr.  O.  C.  Estey  says:  "The  following  list  includes  the  varieties 
grown  between  Big  Fork  and  the  Reservation  line,  on  the  east  side 
of  Flathead  Lake." 
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Aiken, 

Babbit, 

Esopus, 

Hubb^rdston, 

Mcintosh, 

Family  Favorite, 

Pewaukee, 

Fameuse, 

Sweet  Bough, 

Shackleford, 

Ben  Davis, 

Red  June, 

Rome  Beauty, 

Thompson's  Seedling, 

Yellow  Transparent, 

Wealthy, 


Alexander, 

Duchess, 

Gano, 

Imperial, 

Minkler, 

Newton, 

W.  W.  Pearmain,. 

Spencer, 

Autumn   Strawberry, 

Northern  Spy, 

McMahon, 

Wine  Sap, 

N.  W.  Greening, 

Wolf  River, 

Okabena, 

Delaware  Red, 


Crabs. 

Transcendent, 
Martha, 

Among  these  he  names  as  the  best  for  general  planting: 


Whitney,  No.  20, 
Florence. 


Aiken, 

Duchess, 

Gano,  ' 

Fameuse, 

Ben  Davis,' 

Rome  Beauty, 

Yellow  Transparent. 


Alexander, 
Esopus, 

Mcintosh   Red, 
Northern   Spy, 
Red  June, 
Wealthy, 


Martha, 


Crabs. 

Transcendent, 
Whitney,  No.  20. 

Those  that  have  been  tried  and  discarded,  are  the  Minkler,  Pew- 
aukee, Shackleford,  N;  W.  Greening,  and  Florence  crab. 


Bitter  Root  and  Plains  Country. 


Practically  all  the  known  varieties  can  be  grown  here  with  more  or 
less  success,  and  the  question  of  best  varieties  is  a  very  hard  one  to 
determine,  the  orchardists,  who  have  been  growing  apples  there  for 
many  years,  not  being  settlor!  upon  this  point. 
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Such  varieties  as  King  of  Thompkins  Co.,  Rome  Beauty,  Ben 
Davis,  Mcintosh  Red,  Bethel,  Delaware  Red,  Alexander,  Wealthy, 
Yellow  Transparent,  and  many  other  common  market  apples  are 
grown  to  perfection.  '   , 


Gallatin  Valley. 


Over  175  varieties  of  apples  have  been  tested  in  the  Experiment 
Station  orchard  and  nursery,  and  from  this  nuiliber,  not  more  than 
8  or  10  varieties  are  recommended,  at  present,  for  general  planting. 
However,  it  should  be  understood  that  the  Station  orchard  is  in  a 
very  exposed  location,  and  4875  feet  above  sea  level.  Therefore  it 
may,  be  taken  for  granted  that  the  varieties  that  are  hardy  here  will 
grow  in  any  other  section  of  the  state,  with  similar  altitude,  if  planted 
in  a  good  soil  and  given  proper  care. 

The  varieties  found  best  suited  to  our  conditions  are : 

Wealthy,  Duchess, 

Yellow  Transparent,  Okabena, 

Longfield,  Hibernal, 

Tetofskv,  Alexander, 
X.  W.  Greening. 

Crabs. 

Transcendent,  Greenwood, 

.Martha,  Hyslop, 

(Jrange,  Whitney  Xo.  20. 


Conclusions. 


With  the  foregoing  list  of  varieties  one  is  able  to  choose  intelli- 
gently the  varieties  that  are  likely  to  grow  in  any  district  of  the 
state.  The  same  varieties  that  grow  in  the  Bitter  Root  valley,  for 
instance,  are  quite  likely  to  do  equally  well  in  ^Missoula  county, 
and  locations  with'  similar  climatic  conditions;  and  likewise,  the 
varieties  grown  at  the  Station  would  be  expected  to  grow  in  other 
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parts  of  the  state,  similarly  located,  with  reference  to  the  altitude, 
climatic  conditions,  etc. 

The  success  in  growing  apples  depends  upon  the  following  con- 
ditions : 

Select  three  or  four  good  varieties. 
Plant  properly. 

Cultivate  and  irrigate  thoroughly. 
Prune  systematically. 

And  if  all  these  things  are  attended  to,  there  is  no  good  reason 
why  apples  of  some  variety  cannot  be  grown  in  the  coldest  portions 
of  Montana. 
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THE  LOCO  AND  SOME  OTHER    POISON- 
OUS  PLANTS  IN  HONTANA. 


J.  W.  BLANKINSHIP. 


INTRODUCTION. 


Many  plants,  like  animals,  have  some  particular  means  of  defense. 
Some  are  guarded  by  thorns  and  prickles,  some  have  stinging  or 
grandular  hairs,  or  possess  a  bitter  or  unpalatable  herbage ;  some  are 
tough  or  woody,  while  still  others  secrete  deadly  poisons  for  protec- 
tion and  wreak  swlit  v-engeance  upon  such  animals  as  have  the  hardi- 
hood to  eat  them.  In  many  cases  their  indigestible  nature  simply 
causes  bloat,  in  some  others  the  poisons  secreted  are  virulent  and 
deadly.  Loco  is  a  narcotic  and  affects  primarily  the  nervous  system ; 
larkspur  and  death  camas  paralyze  the  voluntary  muscles,  wdiile 
water  hemlock  and  lupine  appear  to  affect  both  the  brain  and  muscu- 
lar svstem,  and  water  hemlock  at  least  also  seems  to  have  a  corrosive 
action  upon  the  mucous  membrane    of  the  digestive  organs. 

The  annual  losses  in  Montana  resulting  from  stock  eating  these 
poisonous  plants  can  not  be  far  short  of  $100,000  and  may  even  ex- 
ceed that  amount.  Yet,  when  the  total  number  and  value  of  the 
stock  of  the  state  are  taken  into  consideration,  even  this  estimate 
will  appear  relatively  small,  being  only  about  three  tenths  of  one  per 
cent  of  the  whole  or  some  two  per  cent  of  the  increase.  * 

This  subject  of  poisonous  plants  is  becoming  of  more  and  more 
importance,  because  by  the  overstocking  of  the  ranges,  stock  are 
compelled  to  resort  to  the  more  unusual  and  more  unpalatable 
plants  for  food  and  consequently  these  cases  of  poisoning  are  becom- 


At»8e88ed  valuation  (or  1902: 
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ing  more  numerous,  and  because  of  the  present  tendency  of  stockmen 
to  purchase  and  fence  the  ranges  for  their  exclusive  use,  so  that, 
while  formerly  there  was  no  disposition  to  do  more  than  avoid  the 
''poison  localities,''  the  increased  value  of  these  ranges  and  private 
ownership  now  demand  methods  for  the  destruction  of  these  injur- 
ious plants,  so  as  to  prevent  unnecessary  losses. 

A  glance  at  the  literature  of  the  subject  will  show  that  consid- 
erable work  has  already  been  done  by  the  various  Experiment  Sta- 
tions of  the  Northwest  and  more  recently  the  work  has  been  taken 
up  by  the  Division  of  Botany  of  the  Department  of  Agriculture, 
under  the  direction  of  Mr.  V.  K.  Chesnut  and  several  important 
papers  have  been  published.  The  history  of  the  work  at  this  Sta- 
tion begins  in  1895  when  Dr.  F.  W.  Traphagen  took  up  the  subject 
from  the  chemical  standpoint,  being  joined  the  following  year  by 
Dr.  E.  V.  Wilcox,  the  Zoologist  and  Veterinarian  of  the  Station,  co- 
operating with  Dr.  Bird,  then  State  Veterinarian.  The  work  was 
continued  by  Dr.  Wilcox  till  1899,  when  he  went  to  Washington 
and  the  investigations  have  since  been  mainly  under  direction  of  the 
Botanist.  The  results  of  these  studies  have  been  presented  in  bulle- 
tins 15  and  22  by  Dr.  Wilcox  and  in  the  present  issue. 

From  the  investigation  of  a  large  number  of  cases  of  stock 
poisoning  it  appears  that  some  95  per  cent  of  such  losses  in  this 
state  is  due  to  five  or  six  species  of  plants,  or  more  strictly,  groups 
of  related  species;  namely,  the  loco,  lupine,  water  hemlock,  death 
camas,  larkspur  and  wild  parsnip,  and  that  while  cases  of  poisoning 
by  other  plants  may.  and  doubtless  do  occur,  these  cases  are  rela- 
tively few  and  need  not  here  be  considered.  The  not  infrequently 
fatal  effects  of  alkali  on  the  eastern  ranges  have  been  largely  attribut- 
ed to  plant  poisons  and  have  served  to  swell  the  total  and  complicate 
the  symptoms. 

The  object  of  this  bulletin  is  to  present  a  brief  summary  of  our 
present  knowledge  of  these  poisonous  plants — conclusions  reached 
by  the  field-work  of  three  seasons  and  from  a  study  of  the  various 
bulletins  and  papers  already  published  on  the  subject,  in  order  that 
these  plants  may  be  recognized  and  the  conditions  under  which  the 
poisoning  occurs  be  known,  as  well  as  the  symptoms  of  such  poison- 
ing and  the  usual  remedies.  It  must  l)e  remembered  that  as  yet  the 
exact  symptoms  of  the  different  poisons  in  many  cases  have  not  been 
clearly  determined,  nor  have  efficient  remedies  been  found,  the  sub- 
ject being  yet  in  the  experimental  stage,  while  for  the  successful 
solution  of  the  various  problems  involved,  the  co-operation  in  experi- 
mental work  of  a  veterinarian  and  a  botanist  with  the  aid  of  a  chemist 
or  pharmacist  is  necessary  to  secure  the  best  results  by  the  experi- 
mental feeding  of  these  suspected  plants  in  their  various  stages 
directly  to  the  animals  themselves,  noting  the  quantity  fed,  the 
resulting  symptoms  and  effects,  as  shown  by  examination  after  death, 
while  later  the  work  of  seeking  antidotes  for  these  various  poisons  can 
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be  undertaken.  Woik  of  this  nature  is  expensive  and  can  be  per- 
formed only  in  localities  where  these  plants  grow,  while  as  yet  the 
desired  co-operation  of  men  and  means  has  not  been  secured. 

An  attempt  has  been  made  to  bring  together  at  the  end  a 
brief  synopsis  of  the  symptoms  of  these  poisons  and  the  usual 
conditions  when  losses  occur,  in  order  that  the  stockman  may  be.  able 
to  determine  the  cause  of  any  case  of  poisoning  that  may  arise. 

There  is  also  added  a  bibliography  of  the  literature  of  the 
plants  poisonous  to  stock  in  America,  exclusive  of  the  Fungi,  as  far 
as  our  library  facilities  here  permit,  and  this  may  be  of  service  to 
other  investigators  and  stockmen  who  care  to  pursue  the  subject 
further.  For  the  more  exhaustive  treatment  of  several  phases  of 
the  subject,  the  stockmen  of  Montana  are  referred  to  the  bulletin 
of.  Chesnut  and  Wilcox  on  the  "Stock-Poisoning  Plants  of  Mon- 
tana" issued  by  the  U.  S.  Department  of  Agriculture,  to  which  we  are 
indebted  for  figures  2,  3  and  6.  Fig.  i  is  from  Vasey  in  the  Report  of 
the  U.  S.  Commissioner  of  Agriculture  for  1884,  while  the  remain- 
ing figures  are  by  students  in  this  institution,  figures  3  and  4  by 
Jacob  Vogel  and  6  by  Amy  M.  Cooke. 

Valuable  assistance  has  also  been  rendered  by  Dr.  M.  E. 
Knowles,  State  Veterinarian,  in  the  prosecution  of  this  investigation, 
and  I  wish  also  to  thank  the  many  stockmen  in  the  various  parts  of 
the  state,  who  have  aided  me  in  this  work,  while  without  the  efficient 
co-operation  of  the  railways  of  the  state,  such  work  could  hardly  have 
been  attempted. 


CONDITIONS  OF  POISONING. 

The  investigations  here  undertaken  seem  to  show  that  stock- 
poisoning  by  plants  is  more  frequent  in  certain  sections  of  the  state, 
in  certain  seasons  of  the  year  and  during  certain  weather  conditions 
and  a  knowledge  of  these  zones,  seasons  and  conditions  may  aid 
in  materially  reducing  the  losses  from  this  cause. 

The  chief  poison  zones  of  the  state  are  nearly  confined  to  the 
foothills  of  the  various  mountain  ranges  east  of  the  Continental 
Divide  and  to  the  high  bench  lands  of  the  plains  eastward.  There 
bas  been  little  complaint  from  the  extreme  eastern  or  western  parts  of 
the  state.  These  poison  zones  are  characterized  by  the  abundance  of 
the  larkspurs,  lupines,  death  camas  and  wild  parsnip,  which  are  far 
less  frequent  or  entirely  absent  further  east  or  west.  The  loco  zone 
is  a  well  defined  section  near  the  central  part  of  the  state,  while  the 
water  hemlock  is  frequent  along  streams  from  the  foothills  westward, 
being  rare  or  entirely  absent  in  the  eastern  plains.  It  is  not  the  pres- 
ence, but  the  abundance  of  these  various  plants,  that  determines 
these  poison  zones.  The  death  camas  is  found  in  nearly  every  part 
of  the  state,  but  is  abundant  only  in  certain  localities;  the  loco  weed 
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occurs  throughout  the  plains  region  of  the  United  States  and  Canada, 
but  is  abundant  only  in  certain  parts  of  this  region,  where  the  poison- 
ing mainly  occufs. 

The  chief  period  of  danger  is  in  early  spring  from  April  15  to 
June  15,  more  commonly  from  May  i  to  May  15.  It  is  during  this 
period  that  the  death  camas,  the  larkspur  the  water  hemlock  and  the 
wild  parsnip  are  most  apt  to  be  eaten,  as  their  herbage  is  then  young 
and  tender  and  thtie  is  much  evidence  to  indicate  that  they  are  far 
more  poisonous  before  they  come  into  bloom ;  the  first  two  fruit  and 
die  earlyin  July  while  the  others  become  coarse  and  unpalatable.  This 
is  also  during  the  rainy  season,  when  the  ground  is  soft,  and  the  more 
poisonous  ropts  of  these  various  plants  may  occasionally  be  pulled 
up,  particularly  by  cattle.  Periods  of  continous  rain  cause  stock  to 
seek  shelter,  from  which  they  come  forth  hungry  and  use  less  selec- 
tion in  their  choice  of  forage,  while  they  are  apt  to  overeat  the  wet, 
rank  vegetation  and  in  consequence  suffer  from  bloat  and  occasional 
poison.  Late  snows  also  cover  the  more  edible  grasses  and  force  stock 
to  eat  the  taller  and  often  poisonous  plants,  like  the  large  larkspur,  the 
lupine  and  the  water  hemlock.  Poisoning  from  loco  is  also  more  com- 
mon during  this  same  period  when  its  conspicuous  flowers  point  it  out 
to  lambs  and  the  'ioco  eaters''  and  its  green,  fresh  condition  makes 
it  more  palatable.  The  lupine  on  the  contrary,  is  most  deadly  in  July 
and  August,  as  it  m.atures  its  seeds  and  its  ^reen  herbage  renders  it 
conspicuous  among  the  dry  vegetation,  while  it  is  at  this  period  that 
sheep  are  apt  to  be  moved  to  the  mountain  and  foothill  pastures 
where  the  lupines  art  abundant.  There  are  also  not-infrequent  cases 
of  poisoning  in  the  winter  by  lupine  hay  or  "slough  hay"  containing- 
much  water  hemlock,  occasionally  even  by  the  dry  stalks  and  seeds 
of  the  lupine  found  on  the  ranges. 

It  must  also  be  remembered  that  stock  on  their  usual  pastures 
and  under  normal  conditions  are  not  apt  to  be  poisoned  by  these 
plants,  even  if  abundant,  but  after  times  of  rain  or  snow  they  should 
be  looked  after  and  stock  of  any  kind  driven  to  a  new  range  or  when 
hot  and  hungry,  are  apt  to  eat  to  excess  unpalatable  and  poisonous 
plants.  Hence  in  changing  ranges  or  in  trailing  stock  from  one  lo- 
cality to  another,  it  is  necessary  that  more  care  than  usual  be  exer- 
cised to  prevent  them  from  eating  these  poisonous  plants  until  they 
become  accustomed  to  their  new  conditions. 
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LOCO. 

Oxytropis  Lamberti  Pursh,  or  Aragallus  spicatus   (Hook.)   Rydb. 

The  White  Loco  Weed  is  a  small  pea-like  plant,  six  inches  to  a 
foot  high,  with  conspicuous  white  or  cream-colored  flowers  from  a 
thick  woody  persistent  root,  and  is  fairly  well  represented  in  Fig.  i. 
The  "  White  Loco'*    is    distributed    over    nearly  the    whole  plains 
region  of  the  United  States  from  Alberta  and  Assiniboia  south  into 
Mexico,  and  from  Minnesota  and  Kansas  westward  to  the  Rockies* 
Extensive  losses  of  stock  attributed  to  this  species  are  reported  in 
New  Mexico,  Colorado  and  Montana  and  to  a  less  extent  in  most  of 
the  other  states  embraced  in  the  region  mentioned.  In  southern  Cali- 
fornia and  some  other  states  the  loco  is  attributed  to  other  plants 
and  in  particular  to  two  species  of  Astragalus  (A.  mollissimus  Torn 
and  A.  Homii  Gray)  neither  of  which  are  native  here.     In  Montana 
the  white  loco  is  found  throughout  all  the   eastern  plains  and  is  not 
infrequent  in  the  "mountain  meadows"  up  to  8000  feet  altitude.     It 
has  not  been  found  west  of  the  Continental  Divide,  although  it  occurs 
on  this  Divide  in  the  vicinity  of  Feeley  some  ten  miles  south  of 
Butte.       To  this  species  (O.  Lamberti)  must  be  attributed  all  or 
nearly  all  the  cases  of  loco  in  this  state,  as  the  poisoning  occurs  only 
in  sections  where  it  is  abundant  and  the  other  species  suspected  are 
too  few  or  too  scattered  to  do  much  damage.     The  white  loco  weed 
is  very  unevenly  distributed  over  the  section  named  and  appears  not 
to  be  found  in  sufficient  abundance  to  be  dangerous  except  in  the 
central  "loco  zone"  extending  from  Livingston  to  Billings  and  from 
the  mountains  on  the  south,  northward  to  the   Musselshell,  and 
around  the  Little  Belt  and  Highwood  Mountains.     Reports  of  loco 
have  come  from  a  few  other  localities  in  the  state,  but  nowhere  else 
have  losses  from  this  cause  been  heavy  and  constant.     Indeed,  in 
some  parts  of  this  "loco  zone"  the  losses  sometimes  average  as  high 
as  50  per  cent  of  the  lambs  produced  and  in  several  localities  the 
sheepmen  have  been  compelled  to  dispose  of  their  sheep  and  stock 
up  with  cattle.     Yet  it  must  not  be  supposed  that  the  loco  is  equally 
and  abundantly  distributed  over  all  this  section.     It  is  found  mainly 
along  dry  rocky  .ndges  or  gravel  plains,  but  exhibits  great  capacity 
for  growing  in  nearly  every  kind  of  soil.     Over  much  of  this  area 
the  traveler  will  look  in  vain  for  a  single  specimen,  while  in  other 
localities  of  similar  soil,  perhaps  immediately  adjacent,  the  plains  will 
be  white  with  its  conspicuous  flowers.     This  irregularity  of  distribu- 
tion may  be  due  in  part  to  the  difference  in  soil,  but  must  be  mainly 
attributed  to  the  fact  that  it  is  a  relatively  recent  introduction  into 
the  state  and  that  it  is  spreading  from  the  infected  centers.     There 
is  considerable  evidence  to  show  that  the  buffalo  were  the  original 
agents  of  its  introduction,  either  through  having  eaten  the    mature 
seeds  and  then  scattered  them  in  their  offal  or  from  their  habit  of  wal- 
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lowing  in  the  dust  and  thus  carrying  the  seeds  in  their  hair  for  con- 
siderable distances  through  their  well  known  migratory  habits.  The 
usual  presence  of  the  loco  weed  in  the  vicinity  of  the  "buffalo  wal- 
lows" and  its  not  infrequently  abundant  distribution  in  the  higher 
mountain'  meadows  along  with  abundant  signs  of  the  buffalo  and  in 
situations,  such  as  the  Tobacco  Root  Range,  where  sheep  or  other 
stock  are  not  t«Lnsferred  from  a  loco  section,  tend  to  support  this 
theory. 

The  evidence  also  seems  to  show  that  the  loco  is  slowly  spread- 
ing from  the  "loco  zone"  northward  and  eastward  and  that  the  sheep 
are  now  the  main  instruments  of  its  dispersion  and  more  abundant 
growth,  both  by  spreading  the  seeds  in  their  offal  and  in  particu- 
lar through  their  tramping  in  those  seeds  where  already  distributed 
when  the  ground  is  soft  in  the  spring.  It  will  also  be  observed  that 
this  "loco  zone"  is  just  that  part  of  the  state  which  has  longest  been 
given  over  to  the  pasturage  of  sheep. 

It  has  been  the  general  experience  of  the  stockmen  in  this  state 
that  sheep  are  the  chief  sufferers  from  this  poison,  horses  frequently 
and  cattle  are  rarely  affected.  It  is  also  a  matter  of  common  observa- 
tion that  it  is  the  >oung  sheep  and  colts  that  are  affected,  more  fre- 
quently yearlings,  while  the  older  sheep  and  horses,  grazing  along 
with  the  others  are  rarely  known  to  acquire  the  loco  habit.  It  is 
also  asserted  by  the  stockmen  that  the  animals  teach  the  habit  to 
each  other  and  there  is  nothing  improbable  in  the  statement  when  we 
consider  their  imitative  nature,  particularly  in  the  matter  of  graz- 
ing. 

The  loco  is  a  slow  poison  and  appears  to  affect  primarily  the 
nervous  system,  so  that  animals  addicted  to  the  habit  become  stupid, 
wander  from  the  herd,  step  high,  their  eyes  are  glassy,  their  front 
teeth  grow^  long  and  become  loose,  their  coat  becomes  shaggy  and 
they  seek  the  loco  weed  and  will  eat  nothing  else  if  it  can  be  obtained. 
They  not  only  eat  the  plant  itself,  but  dig  for  the  roots  with  their  hoofs. 
They  appear  to  have  false  ideas  of  form,  size  and, distance, and, horses 
in  particular  when  they  get  hot  or  exhausted  are  apt  to  become 
frantic,  whence  the  term  "loco"  or  crazy  has  been  applied  to  the  dis- 
ease. Moreover,  the  effects  are  usually  lasting  and  no  remedy  has 
yet  been  found.  Horses  are  permanently  injured,  as  their  "crazy" 
spells  disqualifies  them  for  hard  work  and  but  few  cases  of  recovery 
from  the  effects  of  the  poison  have  been  noted.  Sheep  left  on  the 
ranges  where  the  loco  is  found  become  worse  and  worse,  their  teeth 
become  black  and  loose,  they  eat  nothing  but  loco  and  they  finally 
die  from  sheer  inability  to  obtain  sufficient  food  and  water  to  sustain 
life.  Once  the  habit  is  fixed,  if  left  on  the  range  they  never  recover, 
although  they  may  linger  along  for  several  years  before  death,  so 
that  many  of  the  stockmen  kill  all  the  animals  affected  on  the  ap- 
proach of  winter,  rather  than  to  attempt  to  care  for  such  hopeless 
cases. 
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HOW  TO  PREVENT  STOCK  FROM  BECOMING  LOCOED. 

A  careful  study  of  the  subject  seems  to  show  that  it  is  the  lambs 
and  yearlings  that  are  chiefly  affected — old  sheep  but  rarely  and  then 
on  ranges  where  the  loco  is  abundant  and  other  forage  scant.  Also^ 
it  is  usually  colts  that  acquire  the  loco  habit  and  the  adult  horses  are 
much  less  apt  to  become  addicted  to  it.  This  is  due  to  the  fact  that 
the  loco  plant  is  in  full  bloom  during  May  and  June  when  the  lambs 
and  colts  are  just  learning  to  graze  and  the  conspicuous  white 
flowers  and  their  sweetish  taste  serve  to  attract  them,  while  the  in- 
toxicating effects  of  the  poison  are  more  easily  fixed  in  their  system. 
They  soon  learn  to  recognize  the  plant  and  to  seek  it  for  the  effects 
produced,  until  the  desire  for  the  intoxicating  poison  becomes  a 
fixed  habit,  in  much  the  same  way  that  the  opium  or  alcohol  habit 
is  fixed  in  man,  and  the  effects  are  only  more  rapid  because  animals 
know  no  restraint  and  the  supply  of  the  drug  is  often  unlimited.  The 
loco  poison  is  a  true  narcotic  in  its  effects  and  appears  to  afford  cer- 
tain pleasurable  sensations  to  the  animals  eating  it,  so  that  the  desire 
for  the  drug  finally  becomes  a  passion,  and  once  the  taste  for  the 
plant  is  acquired,  they  will  continue  to  seek  it  for  the  effects  produc- 
ed until  they  are  removed  from  the  loco  ranges  or  die  from  its  use. 

Several  instances  have  occurred  in  this  "loco  zone" 
where  sheepmen  have  become  discouraged  on  account  of  the  losses 
from  loco,  and  have  sold  out  their  ranches  to  others,  who  stocked 
them  again  with  sheep  and  suffered  little  or  no  loss  from  loco. 
In  some  cases  this  immunity  seems  to  have  been  due  to  the 
fact  that  only  old  sheep  were  grazed  on  these  loco  ranges,  in  others 
liberal  salting  was  claimed  to  have  prevented  them  from  acquiring 
the  abnormal  taste  for  the  loco  weed,  but  such  cases  of  apparent  im- 
munity are  exceptional  and  need  more  careful  study  to  determine 
the  efficient  cause  in  each  instance. 

If  this  theory,  that  the  loco  habit  is  contracted  mainly  when  stock  are 
learning  to  graze,  be  correct,  then  the  disease  may  easily  be  prevent- 
ed by  grazing  lamb-bands  on  ranges  free  from  loco,  at  least  till  after 
the  first  of  July,  when  they  will  have  learned  their  proper  forage 
and  the  loco  will  be  out  of  bloom  except  in  the  mountain  pastures, 
where  no  cases  of  loco  poisoning  have  been  reported,  and  the  same  is 
true  of  the  young  colts.  It  is  probable  that  the  yearlings  affected 
have  acquired  the  habit  during  the  preceding  spring,  but  in  less 
degree  and  that  it  developed  mainly  during  the  second  season.  It 
will  hence  be  necessary  to  look  after  the  lambs  and  colts  during  the 
first' two  of  three  months  after  birth,  and  future  care  will  not  be 
needed. 

Sheep  taken  in  the  early  stages  of  the  disease  and  placed  on  good 
pasturage  free  from  loco,  or  on  alfalfa,  frequently  take  on  flesh  and 
are  shipped  East  to  be  finished  for  the  market,  as  the  quality  of  the 
flesh  itself  is  in  no  wise  injured  by  the  loco  diet,  but  animals  in  ad- 
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vanced  stages  of  the  disease  will  never  recover  and  may  as  well  be 
killed  for  their  pelts,  as  it  appears  to  be  the  general  experience  of 
sheepmen  that  locoed  sheep  never  produce  offspring. 

♦ 

CAN  LOCO  BE  EXTERMINATED? 

This. question  has  often  been  asked  and  the  subject  is  coming  to 
be  of  importance,  from  the  fact  that  many  of  the  stockmen,  particu- 
larly in  the  loco  zone,  are  purchasing  large  holdings  and  fencing 
them  for  their  exclusive  use,  while  a  number  of  them  have  been 
induced  to  sell  because  of  the  losses  from  the  loco,  or  have  sold  their 
sheep  and  restocked  with  cattle,  when  such  changes  were  entirely 
unnecessary. 

Burning  the  ranges  can  do  no  good,  except  possibly  to  destroy 
some  of  the  seed,  as  the  plant  has  a  deep  enduring  root  from  which 
new  plants  will  arise  next  spring.  Close  pasturage  in  some  cases 
appears  to  have  destroyed  the  loco  in  small  pastures  and  on  some  of 
the  more  closely  grazed  ranges,  but  there  is  always  some  risk  that 
the  animals  will  thus  acquire  the  habit. 

»  At  least  one  state  has  made  a  serious  attempt  to  aid  the  stock- 
man to  exterminate  the  loco.  The  legislature  of  Colorado  passed  a 
law  in  1881  offering  a  bounty  of  $21.00  a  ton,  dry,  for  "any  loco  or 
poison  weed  dug  up  not  less  than  three  inches  below  the  surface  of 
the  ground  during  the  months  of  May,  June  and  July."  This  law 
was  repealed  in  i8vS5,  but  cost  the  state  about  $40,000  a  year  during 
the  time  it  was  in  force,  without  any  benefits  at  all  commensurate 
to  the  expense,  as  there  was  no  specification  as  to  just  what  species 
were  included  under  **loco  or  poison-weed'*  and  no  system  employed 
in  eradicating  the  objectionable  plants.  Yet,  this  law  seems  to  have 
fairly  well  demonstrated,  and  indeed  was  based  upon  the  fact,  that 
loco  can  be  exterminated  by  digging  during  the  months  specified. 
This  seems  to  be  the  nearly  unanimous  opinion  of  a  large  number  of 
Colorado  stockmen,  who  have  been  consulted  by  this  Station. 

Now,  while  it  is  probably  inadvisable  for  the  state  to  attempt 
the  extermination  of  loco  on  the  public  ranges,  it  is  yet  possible  and 
profitable  for  the  slockmen  to  ,erfidicate  it  from  his  own  private  en- 
closures and  this  at  relatively  small  expense,  as  a  recent  experiment 
in  Sweet  Grass  county  has  demonstrated. 

A  practical  test  of  the  matter  in  this  state  was  made  by  Dr. 
W.  A.  Tudor  of  Bozeman  on  his  ranch  on  the  Rig  Coulee,  thirty 
miles  northeast  of  Big  Timber.  During  the  season  of  1901  Dr. 
Tudor  lost  from  poisoning  by  loco  about  300  out  of  a  herd  of  2000 
lambs.  Acting  on  advice  from  this  station,  the  next  spring  (1902) 
he  employed  two  men  for  about  a  month  in  May  and  June  to  dig 
up  the  loco  plants  over  an  area  of  about  four  miles  square.  The 
plants  were  cut  off  just  below  the  crown — the  point  where  the  leaves 
arise  from  the  root,  two  or  three  inches  below  the  surface,  a  narrow 
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heavy  hoe  being  used,  and  wherever  this  was  properly  done  the 
plants  never  sprouted  again,  nor  have  new  plants  come  up  the  pres- 
ent season  ( 1903).  No  further  losses  from  loco  have  occurred  on  his 
ranch. 

From  this  it  appears  that  the  extermination  of  the  loco  plant, 
(Oxytropis  Lamberti)  is  perfectly  feasible,  even  over  extensive 
areas,  and  the  expense  of  such  extermination  will  hardly  exceed  10 
per  cent  of  the  losses  which  would  otherwise  occur  during  a  single 
year.  Yet  it  is  hardly  possible  to  completely  exterminate  the  plant 
in  an  affected  district  with  one  year's  digging,  as  some  plants  will 
be  unav^oidably  missed,  while  others  may  spring  from  seed  previously 
scattered,  so  that  several  diggings  may  be  necessary.  Loco  should 
always  be  dug  during  May  and  June  when  in  bloom,  as  its  conspicu- 
ous flowers  serve  to  point  it  out  and,  being  dug  at  this  time,  prevents 
it  from  setting  seed. 


LUPINE. 

There  can  be  no  doubt  of  the  poisonous  nature  of  the  lupine, 
although  it  is  certainly  one  of  the  best  forage  plants  in  the  state,  if 
not  eaten  in  its  dangerous  condition.  At  least  four  of  the  native 
species  have  been  found  poisonous,  Lupinus  cyaneus  Rydb.,  L. 
leucophyllus  Dougl.  (Fig.  2),  L.  sericeus  Pursh  and  L.  pseudoparvi- 
florus  Rydb.,  and  it  is  probable  that  all  are  more  or  less  so.  These 
lupines  all  have  blue,  pea-like  flowers  and  bean-like  pods,  whence  the 
name  "prairie  pea,*'  **prairie  bean,"  "blue  bean,"  etc.  The  roots  are 
perennial  and  often  somewhat  creeping  beneath  the  ground ;  the  stems 
are  two  or  three  feet  high  with  six  or  eight  narrow  leaflets  arising 
from  a  sin.efle  point  on  the  leaf-stalk.  The  more  dangeroue  spec- 
ies of  the  Upper  Yellowstone,  (L.  cyaneus)  grows  in  dense  clumps 
from  a  single  thick  root,  often  thickly  scattered  over  considerable 
areas,  and  appears  to  be  spreading  rapidly.  L.  Cyaneus  is  found  in 
valleys  and  along  streams  and  its  distribution  is  almost  identical 
with  the  so-called  *ioco  zone,"  fruiting  about  July  i.  The  lupines 
are  more  abundant  in  the  foothills  east  of  the  Divide,  but  are  said  to 
have  caused  losses  in  the  Deer  Lodge  valley  and  in  the  vicinity  of 
Elliston  and  the  species  occur  throughout  the  whole  mountain- 
ous section  of  the  state.  The  principal  species  mentioned 
bloom  early  in  June  and  are  in  fruit  some  three  weeks  later.  Sheep 
are  the  main  sufferers  although  horses  appear  to  be  occasionally 
affected. 

In  the  case  of  the  lupine  the  conditions  of  poisoning  are  peculiar, 
and  most  cases  of  such  poisoning  seem  to  be  due  to  transferring 


Fig.  2.    LUPINE.  LupinHs  leucnphyUiis  Dougl. 
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sheep  to  new  and  unfamiliar  ranges  where  lupine  is  abundant  or  to 
turning  them  into  lupine  fields  when  very  hot  or  hungry  or  to  allow- 
ing them  to  fill  up  on  the  wet  plants  after  rains.  Sheep  on  familiar 
ranges  and  under  ordinary  conditions  can  graze  on  the  lupine  with 
impunity,  but  in  case  of  long  continued  rains  or  late  snows,  they  are 
apt  to  eat  the  lupine  to  excess  and  suflFer  from  bloat  or  poison.  Ther^ 
is  a  general  impression  that  they  become  immune  to  the  poison  by 
becoming  gradually  accustomed  to  it  and  there  is  considerable  evi- 
dence to  support  this  view.  Mr.  Burke,  of  Great  Falls,  reports  that 
sheep  fed  regularly  on  hay  nearly  half  lupine  were  unatlVcteo,  wiiilr 
others  eating  the  same  hay  for  the  first  time  died  ui  considerable 
numbers,  and  several  similar  cases  have  been  reported.  Several  in- 
stances have  occurred  of  imported  sheep  being  turned  into  lupine 
pastures  with  fatal  results  while  the  native  sheep  in  the  same  fields 
were  not  affected. 

Enormous  losses,  more  than  a  thousand  in  a  number  of  cases, 
have  been  sustained  by  unloading  sheep  from  the  cars  in  transit  up- 
on these  lupine  ranges  when  the  plants  were  in  fruit.  Sheep  are 
often  poisoned  too  by  eating  lupine  hay  or  hay  containing  as  much  as 
50  per  cent  lupine,  which  has  been  cut  while  in  seed ;  yet  the  same 
hay  fed  to  cattle  has  caused  no  bad  effects.  There  is  no  doubt  of 
the  poison  being  derived  from  the  fruit,  though  the  wet  plants 
irequently  cause  fatal  bloat.  Most  if  not  all  cases  of  poisoning  of 
stock  in  winter  by  plants  on  the  ranges  are  due  to  lupine. 


Stock  poisoned  by  lupine  appear  to  become  blind  and  frenzied; 
they  move  off  staggering  in  straight  or  curved  lines  and  meeting 
with  any  obstruction  will  butt  against  it  with  spasmodic  leaps,  sheep 
thus  frequently  pile  up  against  fences  or  banks  and  lie  till  death. 
There  is  often  more  or  less  frothing  and  the  head  is  sometimes  drawn 
sideways ;  they  are  apt  to  fall  over  on  their  sides  and  kick  aimlessly, 
but  some  drop  dead  without  exhibiting  previous  symptoms.  There 
is  little  bloat  necessarily,  although  bloat  sometimes  results  from 
eating  the  plants,  particularly  when  wet,  or  eaten  to  excess,  and  may 
accompany  the  poison  or  may  result  fatally  without  any  effects  of 
the  poison  being  shown.  The  "crazA^  loco"  about  Ft.  Benton  ap- 
pears to  be  a  form  of  lupine  poisoning. 


In  the  case  of  the  Lupines,  as  in  most  other  kinds  of  plant  poison, . 
prevention  is  better  than  cure  and  a  knowledge  of  the  usual  condi- 
tions of  poisoning  will  enable  the  sheepmen  and  herders  to  escape 
most  of  the  losses  due  to  these  species.  As  a  general  rule  don't  turn 
sheep  in  on  lupine  when  they  are  not  accustomed  to  it,  or  when  it 
is  wet  or  when  they  are  very  hungry,  for  if  they  fill  up  on  lupine 
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alone  it  is  apt  to  prove  indigestible  and  cause  fermentation  and  bloat, 
particularly  when  wet,  just  as,  indeed,  will  alfalfa  or  clover,  in  like 
condition,  while  the  seeds  or  beans  of  the  lupine  contain  an  active 
poison  of  which  it  takes  much  less  to  fatally  affect  sheep  unaccustom- 
ed to  them  than  those  that  have  been  eating  the  seeds  regularly.  Also 
in  feeding  hay  containing  lupine,  at  first  mix  with  other  hay  free  from 
it,  afterwards  the  amount  of  lupine  contained  can  be  gradually  in- 
creased without  any  ill  effects,  but  in  any  case  such  hay  found 
poisonous  to  sheep  can  be  fed  to  cattle  without  any  danger.  It  is 
probable  that  nearly  all  poisoning  from  hay  in  this  state  arises  from 
the  lupine  found  in  it,  but  several  cases  have  been  noted  where  the 
water-hemlock  was  so  abundant  in  hay  cut  in  low  ground,  as  to  ser- 
iously affect  horses  fed  from  it. 

Herders  and  others  charged  with  the  '  care  of  sheep 
should  not  turn  hungry  sheep  upon  a  lupine  range  at  any 
time,  especially  when  it  is  in  fruit,  and  should  keep  sheep 
off  such  ranges  when  the  lupine  is  wet  and  should  graze 
them  there  with  care  in  times  of  early  snows,  while  in  moving  sheep 
from  a  range  free  from  lupine  to  another  containing  it,  they  should 
be  allowed  to  graze  on  the  lupine  at  first  but  sparingly,  but  after  they 
become  accustomed  to  it  no  special  care  will  be  necessary  even  after 
it  is  in  seed.  Knowing  thus  the  conditions  of  poisoning,,  it  is  quite 
possible  to  avoid  nearly  all  the  losses  occasioned  by  it. 


^    I 


Cicitta  occidentalia  Grtcne. 
(f.  S.  Dept.  Agriculture.) 
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WATER  HEMLOCK  OR  WATER  PARSNIP. 

Cicuta  occidentalis  Greene. 

This  plant  is  allied  to  the  cultivated  parsnip  and  resembles  it  to 
some  extent.  It  is  often  three  or  four  feet  high  and  has  a  smooth, 
green,  ribbed,  hollow  stem  spreading  above  and  each  branch  termi- 
nating in  an  umbrella-like  expansion  of  small  white  flowers  (Fig. 
3).  It  arises  from  a  bunch  of  thick  tuber-like  roots  which  contain 
a  yellow  gummy  secretion  and  are  the  chief  seat  of  the  poison,  al- 
though the  seeds  have  been  reported  to  be  more  or  less  poisonous 
as  well  as  the  foliage  in  less  degree.  This  species  is  frequent 
throughout  the  Rocky  Mountain  region,  but  other  and  equally  pois- 
onous species  replace  it  in  other  parts  of  the  United  States.  In  Mon- 
tana it  is  found  in  wet  or  swampy  places  along  streams  and  ditches 
in  the  mountainous  sections  of  the  state,  occur  ring  but  rarely  in  the 
plains  eastward.  It  is  often  found  in  considerable  patches  in  open 
marshy  places,  but  usually  occurs  scattered  sparingly  along  streams 
and  ditches,  by  whose  waters  its  seeds  are  disseminated.  The  roots 
of  this  plant  have  long  been  known  to  be  a  deadly  poison  and  have 
been  used  by  the  Indians  for  suicide.  The  roots  and  foliage  arc  also 
thought  to  be  more  poisonous  in  early  spring  than  at  other  seasons 
and  the  semi-persistent  basal  leaves  then  attract  stock  seeking  every- 
thing green  and  the  roots  are  frequently  pulled  up  or  dug  up  from 
the  soft  ground  and  eaten  with  fatal  results.  It  is  said  too  that 
these  roots  on  being  tramped  and  crushed  by  sheep  and  other  stock 
seeking  water,  exude  a  yellowish  gummy  liquid,  which  floats  on  .the 
water  and,  being  drunk  with  it,  may  affect  stock  fatally.  The 
mature  plant  is  fai  less  poisonous,  particularly  when  dry,  yet  a 
num])er  of  cases  have  been  reported  where  stock  have  been  poisoned 
in  winter  from  eating  "slough  hay"  of  wliich  this  water  hemlock 
was  one  of  the  chief  constituents.  Cattle  and  horses  are  the  most 
frecjuent  sufferers,  but  sheep  also  appear  to  be  poisoned  occasionally, 
though  some  authors  report  them  as  immune.  This  root  is  not  in- 
frequently mistaken  for  that  of  the  edible  "squaw  root"  ( Carum 
Gairdneri  Gray)  w:lh  often  fatal  results  to  whites  and  Indians 
alike. 


The  poison  contained  in  the  root  is  rapid  and  deadly,  death  often 
resulting  within  a  few  hours  after  it  is  eaten,  but  where  less  of  the 
root  is  taken  the  animal  may  linger  along  for  several  days  or  even 
eventually  recover.  The  principal  symptoms,  are  violent  convul- 
sions, frothing  at  the  mouth  and  nose,  excessive  urination,  shallow 
breathing,  c@ma  and  death.  An  examination  of  the  body  afternleath 
will  usually  show  the  lungs  congested  with  l)lood  and  the  lining 
membranes  of  the  stomach  and  intestines  more  or  less  decomposed. 

It  is  usually  easy  to  determine  this  water  hemlock  poison  by 


Fig.*4.    DEA.TH  CAM  AS.       Zygadentit  venenoiu*  Wats. 
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the  fact  that  few  animals  get  poisoned  at  a  time  and  then  always  in 
low  wet  places,  the  victim  not  being  apt  to  get  far  from  the  locality 
of  poisoning.  It  is  not  at  all  difficult  to  dig  up  and  remove  all  the 
plants  of  this  species  in  pastures  and  enclosed  ranges.  The  roots 
are  relatively  shallow,  being  rarely  over  six  inches  beneath  the  sur- 
face, and  can  readily  be  removed  with  a  spade  or  hoe  and  then 
should  be  carried  away,  piled  in  heaps  and  burned  when  dry,  as  to 
leave  them  scattered  along  the  streams  only  makes  them  more 
available  to  stock.  A  few  years  ago  the  water  hemlock  was  thus 
dug  up  and  removed  from  the  Daly  ranch  in  the  Bitter  Root  valley 
and  since  then  there  seems  to  have  been  no  trouble  from  this  cause. 
The  usual  remedy  employed  and  the  one  most  available  and  effec- 
tive seems  to  be  to  drench  the  animals  affected  with  melted  lard  or 
bacon  grease. 

DEATH  CAMAS. 
Zygadenus  venenosus  Wats. 

The  Death  Camas,  also  called  Wild  Onion,  Wild  Leek  (Alber- 
ta), and  Crowfoot,  is  an  onion-like  plant,  arising  from  a  bulb  and 
having  narrow  leaves  and  a  single  stem  a  foot  or  so  high,  with  a 
narrow  spike  of  yellowish  white  flowers  blooming  about  June  i. 
(Fig  4).  No  part  of  the  plant  has  the  smell  or  taste  of  the  onion 
and  the  plants  appear  singly  scattered  over  the  upland  swales  or 
valley  slopes,  where  it  is  often  found  in  the  greatest  profusion  over 
extensive  areas,  which  are  white  with  its  flowers  during  the  period 
of  blooming.  It  matures  its  fruit  soon  after  blooming  and  early  in 
July  dies  down  to  the  ground  again. 

This  plant  is  native  from  Assiniboia  and  Nebraska  westward  to 
the  Pacific  Coast  and  is  found  throughout  the  entire  state  of  Mon- 
tana, but  is  not  sufficiently  abundant  to  be  dangerous  to  stock  except 
in  the  foothills  east  of  the  divide  and  on  the  high  upland  benches 
of  the  plains.  West  of  the  Divide  it  is  scattered  sparingly  through- 
out most  of  the  region  below  5,000  feet,  but  I  am  not  aware  that  it 
has  caused  anv  trouble  in  this  section. 

The  chief  period  of  danger  in  the  case  of  death  camas  is  in  May 
and  June,  when  its  great  abundance  over  certain  "poison  zones"  and 
its  rank,  dark-green  leaves  frequently  cause  it  to  be  eaten  to  excess 
by  the  bands  of  sheep  grazed  in  such  sections.  The  bulb  ia  the  most 
poisonous  part  of  the  plant,  but  the  sheep  appear  to  be  poisoned 
mainly  by  eating  an  excess  of  the  stems  and  leaves,  as  it  is  difficult 
to  pull  up  the  bulbs  even  when  the  ground  is  soft  from  rain  or  melt- 
ing snow  and  it  is  usually  the  case  that  several  hundred  get  poisoned 
at  the  same  time.  Sheep  after  having  been  grazed  several  hours 
on  grass  are  often  then  grazed  over  these  fields  of  death  camas  with 
impunity.  The  poisoning  usually  occurs  when  the  sheep  are  turned 
hungry  upon  these  poison  belts  and  allowed  to  fill  up  on  the  death 
camas  before  reaching  grounds  where  grass  is  more  abundant. 


SMALL  LARKSPUR, 

JM'Iphiniiim  Menzienii  DC. 
Hnlf  natural  siic. 
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Apparently  sheep  alone  are  apt  to  be  poisoned  by  this  species. 
They  first  become  stiflF  in  the  legs  and  have  trouble  in  walking,  later 
exhibit  difficulty  in  breathing,  stagger,  foam  at  the  mouth  and  nos- 
trils with  a  jerking  of  the  head  and  limbs  in  intermittent  spasms, 
resulting  finally  in  complete  muscular  paralysis  and  death.  The 
poison  seems  to  affect  chiefly  the  voluntary  muscles,  causing  paral- 
ysis which  finally  affects  the  organs  of  respiration,  causing  conges- 
tion of  the  blood  in  the  lungs  and  death.  Lambs  are  said  to  be  affect- 
ed by  milk  of  a  ewe  suffering  from  the  poison.  The  popular  remedy 
for  poisoning  by  death  camas  is  bleeding  in  the  extremities,  usually 
the  mouth  or  tail  and  this  has  often  been  found  effective  in 
the  early  stages  of  the  poison,  but  later  it  is  difficult  to  make  the 
blood  flow.  The  philosophy  of  this  treatment  has  not  been  explain- 
ed by  veterinarians,  but  the  remedy  seems  to  be  in  general  use  for 
death  camas  and  larkspur. 


To  prevent  poisoning  by  death  camas  it  is  only  necessary  that 
care  be  taken  by  the  herder  not  to  graze  his  sheep  in  the  swales  and 
flats  where  this  plant  is  abundant,  particularly  during  May  and  early 
June.  The  presence  of  the  plant  can  easily  be  detected  by  the  darker 
green  foliage  of  the  onion-like  leaves,  which  come  up  before  the  grass 
and  its  identity  can  be  determined  by  digging  to  the  bulb,  while  the 
prominent  white  flowers  easily  distinguish  it  after  it  :o!ncs  into 
bloom.  There  is  little  danger  of  poisoning  by  death  camas  after 
the  middle  of  June,  as  the  plant  dies  down  to  the  ground  soon  after. 
The  localities  on  the  ranges  where  the  plants  are  found  in  abundance 
should  be  noted  and  avoided  during  these  two  months. 

LARKSPUR. 

Under  the  name  Larkspur,  or  Aconite  several  related  plants  are 
designated  in  Montana.  They  all  have  blue  or  bluish  flowers  and 
rounded  divided  leaves  and  the  poison,  the  same  in  all,  is  located 
mainly  in  the  root — in  fruit  and  foliage  in  less  degree. 

The  Little  Larkspur,  Delphinium  Menziesii  DC.  (Fig.  5),  and 
D.  bicolor  Nutt.,  is  about  a  foot  high  and  has  bright  blue  spurred 
flowers.  It  comes  up  in  early  spring  as  soon  as  the  snow  is  off  the 
ground  and  is  found  in  the  foothill  uplands  in  the  greatest  profusion 
and  along  the  breaks  and  hillsides  of  the  plains  eastward  and  over 
most  of  the  mountainous  parts  of  the  state  up  to  8,000  feet.  In  many 
cases  it  is  found  in  similar  situations  with  the  death  camas,  and 
blooms  and  dies  about  the  same  time,  while  its  symptoms  are  so 
similar  that  it  is  often  difficult  to  discriminate  between  the  two.  The 
roots  of  the  first  species  are  tuberous  clustered  and  only  a  few  inches 
beneath  the  surface,  so  that  cattle  appear  to  pull  them  up  occasional- 
1'.  .'::'L'.'r  raino  when  ♦^e  ground  is  soft,  or,  like  the  she.]),  vA\c:i  th<  re 
is  a  grcac  abundance  of  the  plants,  they  appear  to  eat  ihom  to  excess 


Jjg.  6.    LARGE  LARKSPUR.  Delphinium  glawum  Wats. 
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and  suffer  from  poison  or  bloat  in  consequence.  Yet  it  seems  proba- 
ble that  the  larkspur  frequently  suffers  for  the  sins  of  its  companions 
and  that  from  the  similarity  of  situation  and  symptoms  much  of  the 
poisoning  attributed  to  it  may  be  due  to  the  death  camas  and  the 
wild  parsnip. 

The  Large  Larkspur  (Delphinium  glaucum  Wats.)  is  much  less 
abundant  and  is  distributed  .over  a  much  narrower  range  of  territory, 
in  this  state,  apparently  being  found  along  mountain  streams  and  in 
mountain  meadows  from  4,500  to  8,000  feet  in  the  region  east  of  the 
Divide,  where  in  some  places  it  is  relatively  frequent  and  its  tall  juicy 
stems  and  foliage  serve  to  attract  stock  when  driven  to  these  ranges, 
particularly  in  times  of  late  snows.  This  is  a  tall  species  three  or 
four  feet  high,  growing  along  streams  and  in  shady  hillside  thickets 
and  has  light  blue  or  nearly  white  flowers  (Fig.  6),  coming  into 
bloom  in  June,  after  which  there  is  not  much  danger  of  poison  from 
this  source.  This  appears  to  frequently  cause  bloat  as  well  as  to  be 
a  source  of  poison  to  cattle,  other  animals  being  rarely  affected. 

Along  with  these  species  of  larkspur  and  usually  confused  with 
them  is  the  true  Aconite  (Aconitum  Columbiailum  Nutt.),  which  is 
rare  in  Montana,  but  is  found  along  streams  high  up  (6,500  to  8,000 
feet)  in  the  mountains  on  the  south  and  west  boundary  of  the  state, 
where  stock  occasionally  get  it  in  passing  across  the  range.  This 
resembles  the  tall  larkspur  in  size  and  leaf,  but  has  blue  spurless 
flowers  and  the  foliage  is  said  to  be  very  poisonous. 


Larkspur,  particularly  the  large  larkspur,  is  frequently  the  cause 
of  bloat,  and  the  animals  affected  may  or  may  not  also  exhibit  symp- 
toms of  poison.  When  the  roots  are  eaten,  or  even  considerable  of 
the  stems  and  foliage,  animals  exhibit  stiffness  in  their  legs  and  show 
difficulty  in  walking;  they  lag  behind  and  lie  down.  There  is  a 
spasmodic  twitching  of  the  muscles  of  the  sides  and  legs  with 
convulsions  in  the  final  stages.  As  in  the  case  of  the  death  camas, 
the  poison  affects  mainly  the  heart  and  organs  of  respiration,  giving 
reduced  pulse  and  shallow  breathing,  ending  in  convulsions  and 
death.  Cattle  are  mainly  affected,  sheep  more  rarely.  The  popu- 
lar remedies  are  bleeding  at  the  extremities,  in  the  mouth  or  tail, 
and  drenching  with  melted  lard,  or  when  this  is  not  convenient,  strips 
of  fat  bacon  are  forced  down  their  throat. 


It  will  usually  be  found  possible  to  keep  stock  away  from  ranges 
where  the  small  larkspur  is  so  abundant,  at  least  during  the  early 
spring  when  it  is  dangerous,  while  in  mountain  pastures  it  is  feasible 
to  dig  up  the  large  larkspur  over  limited  areas,  as  it  nov;here  is  found 
in  any  great  abundance  like  the  small  species,  but  stock  of  all  kinds 
should  be  looked  after  during  periods  of  rain  or  after  late  snows, 
when  they  are  more  apt  to  get  poisoned. 


Fig.  7.    WILD  PARSNIP,  I'tery^iu  iJ.opsoidet  TiML 

Half  natural  size. 


MONTANA  EXPERIMENT  STATION.  97 


WILD    PARSNIP   OR   WILD    PARSLEY. 

In  the  spring  of  the  year  complaints  constantly  reach  the  Station 
of  stock  being  poisoned  on  the  high  ridges  and  dry  upland  breaks  of 
the  foothill  region  east  of  the  mountains  and  to  some  extent  east- 
ward. Investigation  has  been  made  of  a  number  of  localities  of  such 
poisoning  and  stockmen  have  been  consulted  as  to  the  plants  sus- 
pected and  it  appears  that  at  least  two  species  of  the  parsnip  family 
must  be  held  responsible,  Leptotaenia  multifida  Nutt.  and  Pteryxia 
thapsoides  Nutt.,  the  latter  figured  in  Fig.  7,  which  may  also  very 
well  represent  the  early  stages  of  Leptotaenia.  These  are  found 
here  on  dry,  rocky  ridges  and  dry  hillsides  in  loose  soil. 
Both  species  have  thick,  deeply  penetrating  roots  and 
send  up  a  cluster  of  finely  divided  leaves  in  early  spring  before  the 
other  plants  have  come  up,  so  that  cattle  in  particular,  are  tempted 
by  their  green  attractive  appearance.  Yet,  it  is  probable  that  their 
chief  poison  lies  in  the  root,  which  often  projects  more  or  less  above 
the  surface  so  that  it  can  be  bitten  off.  The  Leptotaenia  usually  be- 
gins blooming  when  less  than  six  inches  high,  but  is  two  or  three 
feet  high  when  in  mature  fruit.  The  Pterixia  also  begins  blooming 
when  only  a  few  inches  high  and  grows  finally  to  a  foot  or  more. 
Both  have  small  yellow  flowers  and  can  not  be  distinguished  in  their 
early  stages  except  by  the  botanist.  The  evidence  of  the  poisonous 
nature  of  these  two  species,  while  not  conclusive,  is  so  strong  that 
care  should  be  taken  to  prevent  stock  from  access  in  early  spring 
to  pastures  where  these  plants  are  found  in  abundance. 

The  symptoms  of  this  poison  are  much  the  same  as  those  of  the 
water  hemlock.  There  is  stiffness  of  the  legs  in  walking,  froth  at 
the  mouth,  convulsions  followed  by  death,  often  accompanied  with 
bloat.  The  exact  nature  of  this  poison  and  accompanying  symptoms 
need  further  study.  These  plants  can  be  easily  dug  up  in  pastures, 
and  enclosed  ranges.     Milk  is  said  to  be  useful  as  an  antidote. 


POISONING  BY  ALKALI. 

It  is  necessary  to  distinguish  this  kind  of  poison  from  that  caus- 
ed by  plants,  with  which  it  is  often  confused.  There  can  hardly  be 
any  doubt  as  to  the  fatal  effects  of  concentrated  alkali  water  or  of 
alkali  salts  when  taken  in  excess,  particularly  by  animals  coming  in 
from  ranges  where  such  salts  arc  not  abundant.  Stockmen  are 
practically  agreed  as  to  the  danger  from  this  source  and  certain  '*pois- 
on  ponds''  in  the  eastern  part  of  the  state  seem  to  have  no  other 
characteristic  except  that  of  being  surcharged  with  alkali,  but  the 
subject  has  been  but  little  studied  as  yet  and  it  is  not  always  possible 
to  distinguish  between  this  and  the  various  plant  poisons. 

In  general  the  excess  of  alkali  will  result  in  bloat,  often  followed 
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by  scours  and  there  is  usually  a  well  marked  froth  and  a  deposit  of 
an  alkali-like  substance  about  the  mouth  and  nostrils.  Sometimes 
the  effect  of  such  alkali*  water  seems  to  be  to  hasten  the  action  of 
the  poison  of  the  death  camas  in  the  stomach  and  the  symptoms  arc 
then  those  of  the  latter,  but  are  not  developed  before  drinking  the 
water  and  appear  to  result  from  it. 

This  poisoning  by  alkali  is  limited  to  certain  localitites  in  the 
eastern  part  of  the  state,  where  there  is  much  alkali  in  the  soil  and 
water  and  the  poisoning  occurs  in  the  later  summer  or  during  winter 
thaws,  when  the  water  collects  in  the  alkali  flats  and  may  then  be 
drunk  to  excess  by  stock  in  need  of  salt. 

Salting  stock  regularly  is  thought  to  prevent  this  trouble  and 
animals  when  first  turned  on  alkali  ranges,  should  be  kept  from  the 
more  stagnant  pools,  till  they  become  accustomed  to  the  dilute  form 
of  the  salts.  The  remedy  is  simply  to  keep  them  away  from  such 
ponds  and  give  them  pure  water  till  they  recover,  or  in  case  of  bloat, 
to  treat  them  for  such. 


REMEDIES. 

As  yet,  practical  methods  for  treating  these  different  plants  pois- 
ons have  not  come  into  general  use  and  most  of  the  remedies  recom- 
mended are  in  their  experimental  sta^e.  All  that  will  here  be  at- 
tempted will  be  to  enumerate  the  various  remedies  proposed  or  found 
effective  in  the  given  cases. 

For  ])loat  in  its  more  dangerous  form  "sticking"  is  the  usual 
remedy  for  sheep  and  cattle.  This  is  accomplished  by  plunging  a 
wide-bladed  knife  directly  into  the  stomach  and  thus  allowing  the  ac- 
cumulated gas  to  escape.  The  point  where  the  incision  is  made  is 
on  the  left  side  about  half  way  between  the  hip  bone  and  the  ribs  and 
is  usually  designated  by  being  the  point  of  greatest  projection.  There 
is  little  danger  of  making  any  serious  mistake  and  animals  thus  treat- 
ed usuallv  recover  without  further  attention.  Horses  can  not  be 
treated  by  this  method.  The  regular  instrument  designed  for  this 
operation  of  rumcnotomy  is  the  trochar  and  canula  which  can  be 
ordered  by  any  druggist  and  will  be  found  useful  in  the  case  of  cattle, 
but  sheep  are  frequently  affected  in  such  numbers  that  the  knife  is 
the  onlv  resource. 

For  the  various  kinds  of  actual  plant  poison  the  remedy  general- 
ly recommended  is  permanganate  of  potassium,  which  can  be  pur- 
chased at  drugstores  in  the  form  of  reddish-purple  crystals  which  are 
readily  soluble  in  water  and  should  be  thus  given.  A  teaspoonful 
of  the  crystals  dissolved  in  water  is  enough  for  about  12  sheep  or  4 
cows.  Wilcox  recommends  giving  this  with  an  equal  amount  of 
sulphate  of  aluminum   (alum)   in  order  to  secure  the  best  results. 

This  is  put  up  by  Dr.  Emil  Starz,  Helena,  Mont.,  in  conven- 
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ient  lograin  tablets  under  the  name  of  "Ozonine"  popularly  called 
"Starz'  Tablets,"  which  are  highly  recommended  by  thof»e  who  have 
used  them.  Some  even  report  giving  them  dry  to  sheep 
for  death  camas  poison  with  good  results.  Dr.  Starz  also 
recommends  similar  tablets  composed  of  potassium  permangan- 
ate, ammonium  chloride  and  sodium  carbonate,  which  when 
dissolved  in  the  stomach  give  oflf  ammonia  as  a  cardiac  stimu- 
lant. Some  stockmen  in  Meagher  county  report  having  used  a  di- 
lute (125  to  i)  form  of  the  sheep-dip  **Zenoleum"  (Zen- 
ner  Disinfectant  Co.,  Detroit,  Mich.)  for  bloat  and  lupitie  pois- 
oning with  fair  success,  but  neither  of  the  remedies  have  been  tried 
by  this  Station. 

Of  the  more  common  remedies  employed,  melted  lard,  bacon 
grease  or  the  bacon  itself  have  been  found  effective  in  many  cases 
of  larkspur,  water  hemlock  and  other  poisons,  and  is  worthy  of  trial 
for  all  such  poisons  except  loco.  Milk  appears  to  be  sometimes  used 
in  a  similar  way.  Decoction  of  tobacco  and  a  solution  of  alum 
have  been  used  successfully  for  lupine  and  Dr.  M.  E.  Knowles  recom- 
mends raw  linseed  oil  for  lupine  and  larkspur.  Bleeding  is  practiced 
extensively  for  poisoning  by  death  camas  or  larkspur,  and  is  highly 
recommended  by  those  that  have  tried  it,  but  this  is  of  doubtful 
benefit  for  water  hemlock,  wild  parsnip  or  lupine.  Just  what  action 
the  bleeding  has,  or  whether  it  is  of  any  real  benefit,  the  veterinarians 
appear  doubtful,  yet  it  seems  possible  that  where  death  results  from 
congestion  of  the  blood  about  any  organ,  this  congestion  may  possi- 
bly be  relieved  or  prevented  from  proving  fatal  by  such  bleeding. 
Certain  it  is  that  this  remedy  is  frecjuently  practiced  in  the  cases 
mentioned  and  with  apparently  beneficial  results.  The  experimental 
study  of  the  effects  of  these  plant  poisons  and  their  remedies  by  a 
competent  veterinarian  is  now  imperitatively  demanded  by  the  stock 
interests  of  the  state  and,  indeed,  of  the  whole  West. 

The  following  ])rovisional  scheme  is  offered  to  determine  the 
plants  usually  causing  any  given  case  of  poison. 


SYNOPSIS  OF  POISONS. 

CATTLE. 
Poisoned  in  low  ground: 

Convulsions,   frothing,   excessive    urination ;   occurring 
mainly  in  early  spring Water  Hemlock. 

lUont.  scours,  alkali  froth;  occuring  in  late  summer  or 

during  win-  er  thaws (Alkali.) 

Poisoned  on  uplands  or  along  mountain  streams: 

Hl3at  or  stiftness  in  legs,  twitching  of  muscles  in  sides 
and  legs,  shallow  breathing,  convulsions;  in  April,  May  or 

June, Larkspur.       , 

Poisoned  on  dry  rocky  ledges,  on  high  ridges  or  on  dry  hillsides: 

Bloat,  stiffness  of  legs,  convulsions,  frothing;  in  April 
c.nd  May Wild  Parsnip. 

HORSES. 

Poison     slow,  rendering     them    stupid,  sight  affi^ted,     crazy 

when  tired  or  hot  Loco.    ..,« 

Poison  rapid  in  action : 

Blind  and  frenzied,  spasmodic  convulsions;  July  and 

August  or  from  lupine  hay  in  winter Lupine.       7 

Convulsions,   frothing,  excessive  urination,  coma ;     in 

low  ground  ;  April  and  May Water  Hemlock.     .  » 

Bloat,  scours,  alkali-like  froth ;  in  late  summer  or  dur- 
ing  winter   thaws (Alkali.)        1 

SHEEP. 

Poison  slow,  rendering  stupid,  front  teeth   long,   inclined     to 

wander  from  herd ;  lambs  and  yearlings  mainly Loco. 

Poison  rapid  in  action : 

IMoat,  or  blind  and  frenzied,  pile  up  against  obstacles, 
spasmodic  convulsions ;  in  July  and  August  or  from  lupine 

hay  in  winter,  or  after  snow  or  rain Lupine. 

Poisoned  along  streams : 

In  early  spring,  or  from  "slough  hay'^  in  winter;  con- 
vulsions,   frothing,    excessive    urination,    coma 

Water  Hemlock. 
Tn  late  summer  or  during  winter  thaws;  bloat,  scours, 

alkalilike  froth  (Alkali.) 

Poisoned  in  swales,  on  high  benches  or  in  foothill  valleys: 

Stiffness  in  legs,  convulsions,     final  paralysis;     many 

affected  at  once  :  May  and  June Death  Camas. 

Poisoned  in  foothills  or  along  breaks,  and  mountain  streams: 
Twitching  of  muscles  in  sides  and  legs,  stiffness  of  gait, 
occasionally  bloat,  final  convulsionjf;  few  poisoned  at  once; 

in   May  and  June Larkspur. 

Poisoned  on  high  rocky  ledges  or  high  dry  ridges  in  early  spring. 
Bloat,  stiffness  of  legs,  convulsions,  frothing;  few  pois- 
oned at  once Wild  Parsnip.       -, 
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SUMMARY. 

1.  More  than  90  per  cent  of  all  cases  of  stock-poisoning  by- 
plants  in  Montana  can  be  traced  to  some  six  groups  of  plants — the 
loco,  lupine,  water  hemlock,  death  camas,  larkspur  and  wild  parsnip, 
and  most  of  the  losses  resulting  may  be  avoided  by  a  knowledge  of 
these  plants  and  01  the  conditions  under,  which  such  poisoning 
occurs. 

2.  The  loco  habit  is  usually  acquired  by  lambs  and  colts 
in  May  and  June,  when  the  plant  is  in  bloom  and  they  are  first  learn- 
ing to  graze.  Old  sheep  and  horses  rarely  become  locoed,  unless 
range  is  short  and  the  loco  abundant. 

3.  The  loco  plunt  can  be  exterminated  by  digging  the  plants 
with  a  hoe  while  they  are  in  bloom  in  May  and  June,  cutting  the 
main  root  below  the  crown  and  some  two  or  three  inches  beneath 
the  surface. 

4.  Lupine  is  dangerous  if  eaten  in  excess  when  wet,  or  when 
sheep  are  hot  and  hungry  or  when  they  are  not  accustomed  to  it, 
and  it  is  particularly  poisonous  when  the  seeds  are  mature,  if  eaten 
in  quantity  or  by  sheep  not  accustomed  to  this  diet.  Cattle  appear 
not  to  be  affected  and  horses  but  rarelv.  Under  normal  conditions 
the  lupine  is  an  excellent  forage  plant. 

5.  Water  Hemlock  poisons  horses  and  cattle  chiefly  and  may 
be  easily  destroyed  by  digging  it  up  along  the  streams  and  ditches. 
It  is  most  dangerous  in  early  spring. 

6.  Death  C^amas  causes  extensive  losses  among  sheep  in  the 
spring  in  certain  "poison  zones''  in  the  foothills  and  on  the  high 
benches  east  of  the  Divide.  Herders  should  keep  their  bands  away 
from  localities  where  the  plants  are  abundant,  particularly  when  they 
are  hungry.  After  July  i  there  is  little  danger  as  the  plants  then 
fruit  and  die. 

7.  The  Larkspur  is  found  in  much  the  same  situations  as  the 
death  camas  and  the  same  rules  will  apply  as  for  the  latter. 
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Aconite,  95:  see  "Larkspur." 

Aconitum,  95. 

Alkali  poisoning,  97,  98,  100. 

Alum  as  a  remedy,  98.  99. 

Ammonium  chloride,  99. 

Aragallus,  79-84. 

Astragalus,  79. 

Bacon  as  a  remedy.95. 

Eibliograr.tiy,  77,  101-103. 

Bleeding   as  a  remedy.  93,  95,99. 

Bloat,  75,  86.  87,  95,  97,  98,  99,  100. 

Blue  bean,  84. 

Buffalo,  introduction  by,  80,  81. 

Carum,  89. 

Cicuta.  88-91. 

Colorado  loco  law,  83. 

Conditions  of  poisoning,  77,  78. 

Crazy  loco,  86. 

Crowfoot:    see  "Death  camas." 

Danger  period,  78. 

Death   camas,   75-78.   91-93,   95,  98,  99, 

100,  101.     (Fig.  4). 
Delphinium,  92-95. 
Extermination  of  larkspur.  95. 
Extermination  of  loco.  83,  84,  101. 
Extermination  of  water  hemlock,  91. 
Extermination  of  wild  parsnip,  97. 
Grca.se  as  a  reni'My,  91-99. 
Hay,  ])oisoning  by,  78.  86,  87,  89. 
Investigations,  76. 
Lard  as  a  remedy,  91,  95,  99. 
Larkspur.    75-78.    02-95,    99.    100,    101. 

(Figs.  5  and  6). 
Loptota-enia.   97. 
Linseed  oil  as  a  remedy,  99. 
Loco.  75,  84.  91).  KM),  101.     (Fig.  1). 
Loco  zon?.  77.  70.  81,  82.  84. 
Losses  from  poisonous  plants,  75. 
Lupine.  75-78.  84-87.  99.  100. 101.   (Fig.  2) 


Lupinus:     see  "Lupine." 

Milk,  as  a  remedy,  97. 

Oxytropis,  79-84. 

Ozonine,  99. 

Permanganate  of  potassium,  98,  99. 

Poison  zones,  76,  77,  91. 

Prairie  bean,  84. 

Prevention  of  loco,  82. 

Pterixia,  96,  97. 

Remedies,  98,  99:  see  also  under  each 

plant. 
Salt  as  a  preventative,  82,  98. 
.oiough  hay.  78,  87,  89. 
Sodium  carbonate,  99. 
Squaw-root,  89. 

Starz'  tablets  as  a  remedy,  99. 
Sticking  for  bloat,  98. 
Summary,  101. 
Symptoms  of  alkali  poisoning,  97,  98, 

100. 

Symptom  of  death  camas.  93,  100. 
Symptoms  of  larkspur,  95.  100. 
Symptoms  of  loco,  81,  100. 
Symptoms  of  lupine,  85,  100. 
Symptoms  of  water  hemlock,  89,  100. 
Symptoms  of  wild  parsnip,  97,  100. 
Synopsis  of  poisons,  100. 
Tobacco  as  a  r(^me<ly,  99. 
Water    hemlork.    75-78,    88-91,    97,    99. 

loo,  101.     (Fig.  3). 
White  loco:  see  "Loco." 
Wild  leek:    se?  "Death  camas." 
Wild  onion:    see  "Death  camas." 
Wild    parsley.    76-78,    95,     96.    97.    99, 

100.     (Fig.   7). 
Wild  parsnip:    see  "Wild  parsley." 
Winter  poisoning,  78.  86,  100. 
Zenoleum  as  a  remedy,  99. 
Zygadenus,  90-93. 


ERRATA:— p.   77.   line   18.   "3   and   4"   should  read  "4  and  5." 
p.  77.  line  19,  "6"  should   be  "7." 
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TWO  INSECT  PESTS. 


R.  A.  COOLEY 


THE  R05£BUD  CURCULIO 


Rhyiichites  hicolor  Fftb. 


The  rosebud  curculio  occurs  very  commonly  cm  wild  and  culti- 
vated roses  in  Montana.  The  beetles  are  rather  shy  when  discovered, 
and  thDUgh  their  movements  are  not  quick,  they  soon  disappear  under 
a  leaf  or  stem  when  a  person  approaches.  In  common  with  many 
other  insects,  they  have  the  habit  of  drawing  in  their  legs  when  in 
danger  and  allowing  themselves  to  drop  to  the  earth,  where  they 
remain  motionless  for  a  short  time,  or  until  the  danger  has  passed. 
This  is  doubtless  an  effective  means  of  protection  against  natural 
enemies. 
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The  colors  found  on  the  beetle  are  red  and  black.  The  wing 
covers,  which  make  up  the  greater  part  of  the  upper  surface  of  the 
body,  and  the  thorax  (prothorax)  are  red,  while  the  head,  inctluding  the 
beak  or  snout,  the  antennas,  the  legs,  and  the  entire  under  surface  of 
the  body  are  black. 

Mr.  F.  H.  Chittenden^  an  Assistant  Entomologist  in  the  United 
States  Department  of  Agriculture,  reports*  that  in  Colorado  specimens 
are  found  in  which  the  greater  part  of  the  head,  legs  and  antennas  are 
red  like  the  upper  surface  of  the  body. 

The  beak  or  snout  is  long  and  slender,  as  indicated  in  the  accom- 
panying figure  (Pig.  1.  a.  and  d.).  The  antennas  are  club-shaped  and 
are  attached  near  the  middle  of  the  snout,  one  on  each  sidfe.  The 
mouth  parts  are  situated  on  the  extreme  end  of  the  beak,  and  are 
made  up  of  a  number  of  pieces,  the  most  formidable  of  which  are  the 
mandibles,  which  are  toothed  on  both  the  inner  and  outer  edge.  The 
mouth  parts  viewed  from  beneath  are  illustrated  in  Figure  1,  g. 
Exclusive  of  the  beak  the  beetle  measures  a  little  less  than  one-fourth 
of  an  inch  in  length. 

The  injuries  for  which  the  species  is  responsible  are  done  by  the 
adult  or  beetle,  and  so  far  as  is  known  by  the  writer,  the  larva,  though 
it  feeds  in  the  fruit  of  the  rose,  does  no  harm  to  the  bushes  in  any 
way.  The  principal  injury  accomplished  by  the  beetle  is  done  by  bor- 
ing small,  deep  holes  into  the  buds.  Many  lioles  are  often  bored  into 
a  single  bud.  Though  such  a  bud  may  open,  the  resulting  rose  is  of 
no  value.  Other  buds  cease  to  develop  when  eaten  into  and  soon 
wither  and  dry  up.  The  beetles  also  bore  holes  into  the  stems  of  the 
roses  at  right  angles  to  the  axis.  Buds  affecte.!  in  this  way  wilt,  and 
hang  from  the  steftis,  and  later  dry. 

We  have  not  been  able  to  see  any  particular  significance  in  the 
boring  of  holes  into  the  stems,  though  when  we  began  the  studies  it 
was  thought  possible  that  the  buds  were  caused  to  wilt  and  dry  for  the 
purpose  of  preparing  a  suitable  food   for  the  young.     Though  very 
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many  such  butls  haVe  been  broken  open  and  examined,  we  have  never 
found  a  larva  feeding  in  one. 

Complaints  of  the  injiiries  causeil  by  this  beetle  have  reached  the 
Esperiment  Station  from  viiriouB  parts  of  the  State,  particularly  from 
Kalispell,  MjbsouIli  and  Bozeman.  The  injuries  are  scarcely  less 
serious  and  extensive  than  tliose  of   the  rose  chafer,  (  Mnrrodactyliis 


W 


szibspirwsiis  }  in  the  Eastern  States,  and  a  number  of  cases  have  come 
under  the  writer's  attention  in  which  persons  have  given  up  an  attempt 
to  grow  TOEes  on  account  of  the  injuries  of  this  insect.  We  have 
receiveil  no  reports  of  injury  by  this  insect  on  green-house  roses. 

The  specii's  is  a  native  one  and  has  l>een  found   by  the  writer  on 
wild  roses  far  into  the  mountains  in    Montana.     Various  writers  have 
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reported  it  as  a  troublesome  pest  on  roses  in  widely  seiparated  parts  of 
the  United  States.  It  occurs  in  the  northern  tier  of  States  from  ocean 
to  ocean  and  as  far  south  as  Mexico. 

Mr.  Alexander  Craw,  Quarantine  Officer  and  Entomologist  of  the 
California  State  Board  of  Horticulture,  has  mentioned  this  species  as 
being  frequently  found  eating  into  ripe  blackberries  and  raspberries 
which  it  causes  to  decay. 

'  The  beetles  appear  on  the  bushes  early  in  June  and  con- 
tinue until  the  latter  part  of  August.  The  eggs  are  deposited  in  vari- 
ous places.  Most  of  those  found  by  the  writer  were  in  the  buds,  either 
in  the  unexpanded  petals  or  in  the  young  fruit.  One  egg  was  found 
in  the  tender  extremity  of  a  new  cane  and  one  in  (i  Cynipid  gall. 
In  all  cases  the  eggs  were  found  in  the  holes  made  with  the  beak,  and 
were  placed  well  down  in  the  holes,  below  the  surface.  The  form  of 
the  eggs  16  shown  at  c.  Fig.  1.  They  are  semi-transparent  and  almost 
colorless. 

The  eggs  hatch  in  a  few  days,  i^robably  about  a  week  or  ten  days. 
We  have  never  been  able  to  find  larvte  except  in  tlu*  rose  hip  or  fruit, 
and  this  is  doubtless  the  normal  pla:*e  for  their  develox)ment. 

They  feed  upon  the  seeds  which  fill  the  greater  part  of  the  cavity 
of  the  fruit.  The  fleshy  coating  of  the  fruit  is  not  eaten  so  far  as  we 
have  observed.  Examination  of  a  fruit  containing  a  nearly  full 
grown  larva  shows  a  i)art  or  all  of  thti  seeds  excavated  to  mere  shells 
and  th(^  IhhIv  of  the  larva  buried  in  a  mass  of  waste  and  excrement. 
Such  a  fruit  shows  a  bhickened  scar  on  the  side  which  marks  the  si>ot 
when^  the  ijarent  bee^tle  bored  in  to  deposit  the  v^i^. 

The  larva  or  grub  (Fig.  1,  b.)  is 'yellowish  white*  with  a  rosy  tint 
and  instead  of  b(4ng  straight  has  the  back  arcluHl.  It  has  no  legs. 
The  head  and  mouth    parts  viewed  from  above  are  shown  at  Pig.  1,  f. 

We  have  nevcT  found  the  larva*  in  almndance.  A  large  bush 
bearing  many  hips  seldom  has  more*   than  two  iniested    fruits,  though 
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many  may  have   the  external  mark   that  would   indicate   them   to    be 
infested. 

The  gnibs  finish  feeding:  and  disappear  early  in  October.  We 
have  never  found  the  larvte  or  pupa?  in  winter  quarters  and  are  not 
informed  as  to  how  they  pass  the  winter.  We  examined  many  rose 
hips  that  have  been  occupied  by  larvae  and  found  exit  openings  in  the 
side  of  the  fruit,  and  the  grubs  gone.  This  would  seem  to  indicate 
that,  when  full  grown,  the  larvae  eat  holes  to  the  surface  and  go  to 
the  ground  to  pupate  and  pass  the  winter. 

In  the  Bitter  Root  valley  and  at  Bozeman  the  writer  has  repeat- 
edly found  the  larva  of  a  moth  tunnelling  in  the  new  canes  of 
wild  roses,  and  at  Missoula  and  Hamilton  we  have  had  complaints 
of  what  appears  to  be  the  same  insect  on  cultivated  varieties. 
The  larva  begins  at  the  tender  (»xtrernity  of  the  shoot  and  bores  down- 
ward in  the  center  of  the  stem,  thereby  killing  it  and  seriously  inter- 
fering with  the  normal  development  of  the  bush.  This  insect  should 
not  be  confused  with  the  rosebud  curculio. 

REMEDIES. 

In  many  cases  hand  picking  is  all  that  is  necessary  to  get  relief 
from  the  injuries  caused  by  this  insect. 

In  a  previous  paragraph  we  have  mentioned  the  fact  that  when 
disturbed  the  beetles  drop  to  the  ground.  Taking  advantage  of  this 
one  can  catch  the  beetles  by  holding  a  hand,  or  better,  a  pan  contain- 
ing kerosene  underneath  and  causing  the  beetles  to  drop. 

Under  some  conditions  hand  picking  is  a  futile  measure.  When 
the  cultivated  roses  to  be  iDrotected  are  in  the  vicinity  of  wild  roses 
which  breed  the  beetles  year  after  year,  it  will  probably  be  useless  to 
attempt  hand  picking.  Under  some  circumstances  it  may  be  profit- 
able to  destroy  wild  roses  that  furnish  a  breeding  place.  In  general, 
however,  it  should  be  borne  in  mind  that  the  beetles  fly  over  a  consid- 
erable distauL-e  and    that   until   f(»nce  corners  and  waste  lands  of   the 
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surrounding   country   are   cleaned   of  the   native  roses,  more  or  less 
trouble  will  always  be  experienced. 

It  is  said  that  a  spray  of  Paris  p^rer-n  will  kill  the  beetles. 
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THE  POPLAR  LEAF-FOLDING 


SAWFLY. 


Fontania  hozeinnni  Cooley. 


The  various  native  and  introduced  poplars  easily  take  first  place 
as  shade  and  ornamental  trees  for  Montana,  and  they  far  outnumber 
all  other  kinds  now  in  use  in  the  State.  The  leaf -folding  sawfly  is  one 
of  the  most  troublesome  and  widespread  of  the  many  species  of  insects 
that  feed  upon  these  shade  trees.  For  the  past  few  years  this  insect 
has  been  steadily  increasing  in  numbers  and  during  the  summer  of 
1902  was  very  commonly  seen.  In  a  few  cases  trees  were  found  with 
nearly  every  leaf  deformed,  and  in  the  residental  parts  of  some  of  the 
towns  and  cities  of  the  State  it  has  been  so  abundant  as  to  very  greatly 
injure  the  natural  beauty  of  the  trees. 

This  insect  appears  to  be  native  to  the  State  and  occurs  in  natural 
growth  along  streams  as  well  as  in  trees  used  for  shade. 

A  close  study  of  adult  spacimens  showed  them  to  belong  to  an 
undescribed  species,  and  we  have  therefore  proposed  the  name  Fon- 
tania BOZEMANi,  after  the  city  in  which  it  first  came  under  oumotice. 
The  writer's  technical  descriptions  establishing  the  species  are  to  be 
found  in  the  current  volume  of  the  "Canadian  Entomologist." 

This  insect  makes  its  presence  conspicuous  by  the  manner  in 
which  it  deforms  the  leaves.  Affected  leaves  have  their  lateral  edges 
turned  under  until  they  lie  against   the  lower  surface.     See   Fig.  2,  g. 
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Both  eclges  of  the  same  leaf  are  often   folde:l.     The  cavity  formed   by 
the  fold  is  occupied  by  the  larva. 

The  presence  of  the  insect  is  object  ion  cable  not  for  any  re^al  injury 
that  is  done  to  the  health  of  the  tree  but  because  of  the  disfigurement 
to  the  foliage.  ' 

The  adult  hibernates  among  the  leaves  on  the  ground,  and, 
<3merging  in  the  month  of  May,  lays  its  eggs  on  the  young  leaves  that 
are  just  being  put  forth.  The  new  shoots  of  the  ix)plars  continue  to 
grow  through  the  summer  months,  and  as  they  increase  in  length  new 
leaves  appear.  The  saw  flies  continue  on  the  foliage  depositing  their 
eggs  through  the  month  of  July.  , 

Although  the  writer  has  often  examined  the  eggs  in  their  minute 
IX)ckets  under  the  exndermis  in  the  folds  of  the  leaves,  the  insect  was 
not  seen  in,  the  act  of  dep;)siting  them  until  July  1,  1902,  when  the 
whole  process  was  seen  and  recorded.  While  searching  the  cotton- 
woods  on  the  college  campus  for  evidence  in  the  life-history  of  the 
insect,  a  female  was  seen  going  from  leaf  to  leaf  as  if  prompted  by  some 
distinct  purj^ose.  Ditferent  leaves  were  carefully  examined  by  the  sawfly 
and  finally  one  was  selected.  The  young,  tender  leaves  of  poplars, 
previous  to  being  expanded,  have  both  the  lateral  edges  rolled  upward 
and  inward  parallel  with  the  midrib  (involute),  a?id  it  is  on  top  of  this 
roll,  and  hence  on  what  is  to  become  the  under  surface  of  the  leaf,  that 
the  sawfly  works.  Having  selected  the  leaf  the  sawfly  we  observed 
began  at  the  end  of  the  roll  nearer  the  top  of  the  leaf  and  walked 
slowly  along  to  the  other  (^nd  repeatedly  puncturing  th-e  tender  leaf 
with  the  ovipositor.  When  at  the  other  end  of  the  roll,  she  stopped 
and,  without  turning  around,  went  through  motions  which  indicated 
that  she  was  laying  an  egg  in  the  leaf,  underneath  her  body,  far  up 
toward  her  head.  A  slight  breeze  was  blowing  and  causing  the  foliage 
to  move  so  the  writer  was  able  to  take  the  stem  in  his  hand  and  follow 
the  whole  operation  closely  without  frightening  the  sawfly  away.  The 
ovipositor  could  be  distinctly  seen  l)oth  while  making  the  numerous 
Xninctures  in  the  l(*af  and  while  depositing  the  o^g.  After*  the  sawfly 
had  left,  the  leaf  was  carefully  examined  with  a  hand  lens  and  although 
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alaioBt  tlie  exact  sixit  was  known  the  egg  pocket  could-  not  be  found. 
The  leaf  was  marked  with  a  piece  of  white  thread  and  Eoing  back  later 
in  the  day  the  egg-pocKet  and  egg  were  distinctly  seen.  The  esnct 
duration  of  the  egg  stiige  was  not  determined  on  jiccouut  of  alienee 
from  the  college  but  was  very  close  to  nine  days.  Long  before  the 
egg  hatched  the  leaf-fold  was  completed,  thus  making  it  clear  that  the 
fKlult  insect  was  wholly  responsible  for  the  folding  of  the  Icjif. 

The  egg  of    this  insect  is  long-ovate,  abont  one- twenty-fifth  of  an 
inch  (1,05   mm)  in   length  and  whitish   in  color.     The  egg  (shown    in 


Fig.  2,  LEAF  FOLDlXa  SAWFLY-n.,  i«e  "liowinR  ■■mliriu:  h..  immnture  larvu;  c.  co- 
conn;  d,rvnmle.^a»nyi  P..Hlilprlpivi>Iextn!initr  of  nbclnnwn  of  tomalo;  f.,  pnitfoii  of  ixiiiliir 
lont  ahowiiiB  tLo  PKR  iBickf't'mitlertliCPiiWfrroi'';  R  ,  leaf  witli  llifi  two  discs  foWdl  oiHiiTunif 
iithrr  imrlx  chIcii  unnj.    {AiitliorV  illii^trnliiMi.  firrtl  1l^<I'<<  in  the  Cnundinn  F.nk.nioliwisl.)  ._.  :;. 

Fig.  2  a.)  had  been  kept  in  formalin  for  a  few  month  iiiid  sliowcd  the 
nearly  mature  embryo  as  indicated  in  outline  in  the  drawing,  Tlu' 
young  larva  is  at  first  very  d?lica!e  and  almost  colorli'ss,  but  later,  as 
it  grows  larger,  it    becomes  stronger  and    turns    to  a  pide    grei-n  color. 
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See  Fig.  2,  b.  During  its  early  life  the  larva  feeds  wholly  from  the 
inner  surface  of  the  portion  of  the  leaf  that  is  folded  and  forms  its 
retreat,  and  this  part  soon  becomes  more  or  less  skeletonized.  When 
it  has  reached  a  greater  size  making  more  food  necessary,  instead  of 
continuing  to  eat  away  the  walls  of  its  home,  it  ventures  forth  out  of 
the  end  of  the  fold  opposite  from  the  petiole  and  eats  holes  through 
the  leaf  not  stopping  with  the  surface  parts.  The  part  of  the  leaf 
making  up  the  fold  and  adjacent  parts  become  blackened.  The  fold 
of  the  lenf  is  nsed  as  a  hiding  place  throughout  the  larval  life. 

A  very  large  proportion  of  the  larvee  never  reach  sufficient  size  to 
begin  feeding  outside  the  fold  of  the  leaf,  though  certain  letters  of 
inquiry  about  this  insect  from  citizens  of  the  State  would  seem  to 
indicate  that  at  tim33  practicilly  all  come  to  maturity.  In  such  cases 
serious  injury  to  the  foliage  would  follow. 

During  the  first  two  years  trhat  the  writer  had  this  insect  under 
observation,  not  a  leaf  was  found  that  contained  a  larva  more  than  a 
few  days  old  In  fact,  the  usual  injury  throughout  the  State  is  only 
the  folding  of  the  leaves.  We  have  found  nothing  to  indicate  the 
cause  of  the  death  of.  this  large  proportion  of  the  larvae.  The  vacated 
cavities  later  become  inhabited  by  plant  lice  and  various  other  insects 
and  spiders. 

A  leaf  folded  by  this  insect  and  partly  eaten  is  shown  at  g.  in  the 
accompanying  figure. 

When  fully  grown  the  larva  constructs  a  cocoon  in  the  fold  of  the 
leaf.  This  cocoon  (Fig.  2,  c.)  is  ellipsoidal  in  form,  8.-  mm  long  and 
brown  in  color!.  The  cocoon  drops  to  the  ground  along  with  the  leaf 
and  is  occupied  by  the  insect  until  the  following  spring.  The  adult 
insect  emerges  from  the  cocoon  in  the  spring  .and  lays  the  eggs  as 
already  described. 

The  female  adult  insect  (Fig.  2,  d.)  is  a  "four-winged  fly"  one- 
sixth  of  an  inch  (6. -mm)  in  length  and  resinous-yellow  and  black  in 
color.     The  antennae,  a  large  spot  on    the  upper  side  of  the   head,  the 
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upper  side  of  the  thorax  and  a  tapering  stripe  on  the  upper  side  of  the 
abdomen,  are  glossy  black  while  the  remaining  parts  are,  for  the  most 
part,  resinous  yellow.  The  male  insect  is  lightly  smaller,  with  a  more 
slender  body,  and  has  the  entire  upper  surface  of  the  abdomen  black. 

The  leaf -folding  sawfly  here  discussed  is  a  member  of  a  large  and 
important  family  of  insects  poptdarly  called  sawflies  and  scientifically 
known  as  the  Tenthbedinid-*:.  About  2,000  species  of  sawflies  are 
known. 

Though  we  speak  of  these  insects  as  "flies"  or  "sawflies,"  it  should 
be  understood  that  they  do  not  belong  to  the  true  flies  or  Dipteba  to 
which  order  the  common  house-fly  belongs.  The  sawflies  have  mouth 
parts  for  biting  and  chewing  and  are  provided  with  two  pairs  of  wings, 
while  the  true  flies  have  mouth  parts  for  lapping,  or  piercing  and 
sucking,  and  have  only  one  pair  of  wings. 

Sawflies  take  their  common  name  from  the  fact  that  the  ovipos- 
itor of  the  female  is  so  constructed  as  to  resemble  a  saw.  When  not 
in  use,  the  saw,  or  saws  (for  there  are  two  of  them),  are  enclosed  in  a 
sheath  which  in  turn  is  situated  in  a  longitudinal  groove  in  the  under 
side  of  the  abdomen  at  the  posterior  end.  The  female  uses  this  ovi- 
positor to  cut  a  slit  or  pocket  in  the  soft  tissues  of  plants  in  which  to 
deposit  the  eggs.  In  the  species  now  under  discussion,  and  in  many 
others,  also,  the  egg  is  deposited  just  under  the  epidermis  of  the  leaves 
which  is  very  skillfMlly  separated  from  the  underlying  tissues  with 
the  ovipositor. 

Most  sawfly  larvae  so  closely  resemble  caterpillars  of  moths 
and  butterflies  as  to  be  easily  mistaken  for  them.  They  may  be  dis- 
tinguished, however,  by  the  larger  number  of  abdominal  legs.  Sawfly 
larvae  have  from  six  to  eight  pairs  while  caterpillars  usually  have  five 
or  less. 

The  larvae  of  most  of  the  species  of  the  genus  Pontania,  to  which 
the  poplar  leaf -folding  sawfly  belongs,  feed  in  abnormal  growths  called 
galls  on  the  leaves.     The  only  exception  outside  of  the  present  species. 
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known  to  the  writer,  is  one  which  rolls  the  tips  of  willow  leaves  and 
constructs  imperfect  galls.  This  species  was  described  from  New 
York  City  by  Mr.  C.  L.  Marlatt  of  the  United  States  Department  of 
Agriculture. 


As  has  been  stated,  this  insect  is  native  to  the  State  and  occurs 
commonly  on  the  natural  growth.  This  fact  should  be  borne  in  mind 
in  attempting  to  control  it  on  trees  planted  for  shade  or  ornamental 
purposes.  When  the  tree's  are  in  the  vicinity  of  natural  growth  that 
is  infested,  it  will  probably  be  impracticable  to  get  the  protection 
desired.  It  should  be  noted  also  that  the  only  way  to  prevent  the 
folding  of  the  edges  of  the  leaves  is  to  destroy  the  adults  before  they 
sting  the  leaves.  The  spraying  that  is  suggested  below  will  be  of  ser- 
vice only  in  killing  the  larvae  and,  therefore,  in  preventing  the  injury 
to  the  foliage  the  following  season. 

Probably  the  most  satisfactory  results  will  be.  secured  by, gather- 
ing and  burning  the  leaves  in  the  fall  of  the  year.  As  we  have  pre- 
viously stated,  the  insect  passes  the  winter  among  these  leaves;  hence 
the  utility  of  destroying  the  leaves. 

Spraying  the  trees  once  or  twice  in  July  and  August  with 
Paris  green  or  arsenate  of  lead  would  be  useful  in  killing  the  larvea 
that  come  out  of  the  folds  to  feed.  It  is  not  necessary  to  get  the 
poison  inside  the  folds  for  those  that  would  come  to  maturity  come 
out  of  the  folds  to  feed. 
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SHEEP    FEEDING. 


INTRODUCTION. 


Montana  is  the  banner  sheep  state  of  the  Union  with  5,000,- 
000  sheep  owned  within  her  border.  The  number  of  sheep  have 
increased  rapidly  in  the  past  ten  years,  due  to  the  excellent  grass 
on  the  range  and  the  substantial  profit  in  the  business.  From 
observation  and  information  gathered,  the  limit  of  increase,  as 
far  as  the  range  is  concerned,  is  very  nearly  reached.  Thus  a 
much  larger  number  of  the  increase  of  the  flocks  will  have  to  be 
marketed  vearlv. 

■r  MP 

This  condition  will  probably  call  for  some  change  of  method 
in  the  handling  and  management  of  the  range  flocks.  If  care- 
fully entered  upon,  it  also  means  the  establishment  of  large  and 
profitable  feeding  operations  in  the  stcite.  Because  of  the  excel- 
lent herding  qualities  and  closeness  of  wool,  the  Merinos  will 
always  predominate  in  the  range  flocks.  The  market,  however, 
demands  a  mutton  type. 

It  is  believed  that  both  these  demands  may  be  met  by  the 
range  herder.  In  those  districts  that  cater  to  the  feeding  de- 
mand, the  range  flocks  should  be  largeh^  a  ewe  flock,  strong,  vig- 
orous ewes,  of  the  t3'pe  that  would  result  from  using  a  Ramboul- 
let  or  Delaine  ram.  All  ewes*  added  to  the  flock  should  be  of  this 
st3^1e  and  breeding.  Such  a  flock  of  ewes  bred  to  a  good,  pure- 
bred mutton  type  of  ram,  would  give  an  excellent  feeding  lamb. 
The  plan  of  breeding  outlined  may  not  be  wholly  feasible  to  the 
small  range  holder,  but  would  be  entireh'so  for  the  larger  holder. 
It  may  even  be  profitable  to  produce  the  kind  of  ewe  needed  b}' 
the  man  who  is  catering  to  the  feeding  trade. 
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The  feeding  of  sheep  for  the  market  has  increased  rapidly  the 
past  few  years.  This  is  as  it  should  be,  as  with  a  large  number 
of  sheep  being  produced  and  going  into  the  market  and  with 
abundant  and  cheap  fodders,  there  is  every  reason  why  the 
people  of  Montana  should  retain  in  the  state  the  profits  of  the 
feeder  as  w^ell  as  those  of  the  grower.  Looked  at  in  this  light, 
it  will  be  seen  that  the  interests  of  the  range  producer  and  farm 
feeder  are  mutual  and  reciprocal  and  not  antagonistic  as  many 
have  thought  in  the  past. 

Recognizing  the  trend  of  affairs,  the  Experiment  Station  some 
four  years  ago  started  experiments  to  test  the  value  of  local  feeds 
in  fattening  sheep  and  to  learn  something  of  the  effect  of  the 
local  conditions,  climate  and  market  facilities  upon  the  financial 
results  of  the  feeding  operation.  The  results  of  previous  tests 
are  recorded  in  bulletins  No.  21,  27,  31  and  35  and  ^summarized 
in  bulletin  No.  39. 

The  past  winter  another  series  of  tests  were  made  to  gather 
additional  information  on  this  subject,  and  a  report  of  this  work 
is  here  given. 

During  the  latter  part  of  the  month  of  October,  1902,  a 
bunch  of  110  lambs  and  112  two-year-old  wethers  were  pur- 
chased from  John  Robinson  of  Bozeman.  They  were  selected  from 
a  flock  of  2,000  purchased  by  Mr.  Robinson  for  his  own  feeding. 
An  even  lot  was  selected,  but  from  weights  furnished  by  Mr. 
Robinson  it  is  believed  they  were  a  very  close  average  of  the  flock. 
We  are  indebted  to  Mr.  Robinson  for  the  privilege  of  making  this 
selection.  The  sheep  arrived  at  the  College  farm  on  Oct.  22d. 
This  was  before  the  writer  arrived  to  take  charge  of  the  work  of 
the  department,  and,  unfortunately,  the  sheep  were  not  weighed 
at  this  time.  From  this  date  until  November  18,  the  sheep  were 
allowed  the  run  of  the  Station  farm  to  gather  what  they  could 
from  the  stubble  and  hay  fields.  They  made  substantial  gains 
during  this  period,  but  not  being  weighed  when  they  arrived,  the 
exact  gain  cannot  be  determined.  From  the  fields  the  sheep  came 
into  the  feeding  lot  in  excellent  condition,  a  very  desirable  point 
in  successful  feeding. 

The  lambs  showed  strong  evidence  of  **Down'*  blood,  many  of 
them  with  dark  faces  and  legs.     The  wethers  were  also  close 
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ileeced,  but  there  was  not  as  large  a  proportion  of  dark  faces. 
They  were  selected  from  a  range  flock  that  had  evidently  been 
graded  up  strongly  with  Shropshire  blood. ^  The  lambs  cost  at 
the  Station  farm  $1.80  each,  the  wethers  $2.80  each. 


THE  PLAN  OF  THE  EXPERIMENT. 


In  connection  with  the  main  thought,  the  feeding  and  finish- 
ing of  sheep  for  market,  some  comparisons  were  made  as  to  the 
relative  food  value  of  diff*erent  kinds  of  grain.  The  lambs  and 
wethers,  therefore,  were  divided  into  five  lots  each,  22  lambs  in 
each  lot  of  lambs  and  22  wethers  in  three  lots  and  23  in  two  lots. 

The  lots  were  as'f ollows : 

Lambs.      Lot  1,  fed  clover  and  wheat  screenings. 
Lot  2,  fed  clover  and  wheat. 
Lot  3,  fed  clover  and  oats. 
Lot  4,  fed  clover  and  barley. 

Lot  5,  fed  clover  and  wheat,  oats  and  barley  mixed 
in  equal  quantities  by'weight. 

The  wethers  were  also  divided  into  five  lots  and  fed  the  same 
kind  of  rations  as  the  lambs. 

The  clover  was  fed  ad  libitum  and  what  waste  was  left  over, 
was  weighed  back  twice  a  week.  The  grain  was  started  at  5 
pounds  per  day  for  each  lot  some  ten  da^'s  after  the  feeding  test 
was  started.  The  grain  ration  was  gradually  increased,  one 
month  being  taken  to  get  up  to  a  full  grain  ration  of  1  pound  of 
jj^rain  per  day  per  lamb  or  wether.  Both  grain  and  hay  were  fed 
twice  in  the/lay,  morning  and  evening. 


KIND  OF  FEED  AND  PRICES. 


The  hav  was  a  mixture  of  medium  and  alsike  clover  of  med- 
ium  qualit}'.  Some  of  it  w^as  stacked  a  little  green  and  was 
slightly  musty.      It  was  eaten  readily  by  the  sheep. 
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The  wheat  screenings  consisted  of  small  and  broken  wheat 
together  wnth  other  grain  and  the  small  seeds  usually  associated 
with  it ;  in  other  words  the  best  grade  of  screenings. 

The  wheat,  oats  and  barley  fed  was  good,  marketable  grain. 
All  the  grain  was  fed  whole.  The  grain  and  haA^  were  weighed 
for  each  lot  at  each  time  fed. 

The  prices  on  the  feed  were  as  follows,  being  market  prices  at 
the  beginning  of  the  experiment.  Prices,  of  course,  var}'  from 
year  to  3' ear,  but  they  are  given  to  afford  a  comparison  on  this 
basis. 

Clover  ha3' $5.00  per  ton 

Wheat  screenings 75c  per  100  lbs. 

Wheat 88c  per  100  lbs. 

Oats 85c  per  100  lbs. 

Barley .' 95c  per  100  lbs. 

The  sheep  had  access  to  the  water  from  a  small  stream 
which  ran  through  the  lower  part  of  the  yards. 

The  yards  in  w-hich  the  sheep  were  fed  were  about  8  feet  wide 
b\'  100  feet  long  and  a  straws-covered  shed  at  one  end  provided 
shelter.  It  was  noticed,  however,  that  thev  seldom  used  this 
shelter  except  in  very  stormy  weather. 


WEIGHING  SHEEP. 


The  sheep  were  weighed  on  two  days  at  the  beginning  of  the 
test,  and  the  average  of  this  weight  taken  as  the  beginnnig 
weight.  They  were  weighed  every  two  weeks  after  this  date, 
the  weighings  being  made  with  one  da^^  intervening  and  these 
two  weights  averaged.  The  sheep  were  w^eighed  right  after 
noon,  or  mid- way  between  the  morning  and  evening  feed. 


8 


MONTANA   EXPERIMENT  STATION. 


to 


O 

IB 

e 
a 


-■^-  2 


X 

a 

O 


o  t-  fM  CO  :c 

O  l-  CM  t-  iO 

•  •  •  ■  ■ 

O  02  o  o  o 


ri  »f^  00  ^  >?: 

L'  I'T  CO  l^  Ci 
rtJ  r»<  -*'  O  <N 


Q  c  X  t-  y: 

O  rt  rH  7 1  -»1 
C^I  I'- CO  fO  ift 

to  X  CJ  O  lO 


iM  I-  :o  Ci  -n 

O  O  QO  5^1  O 

r-J  C-J  CO  I  -  00 
tM  C^l  CSJ  C^  T— 


CO 
6l 


i-  t  -i  — 


■ 

en 

** 

... 

■           -           •          1 

.     .^ 

^4 

»-< 

W 

(L 

uO  O  CO  ^  CO 

T-1  ^H  i-H  ?!  rH 


5 


'  5:  »-   • 


•/3 

s 
a 

0 


c^  jj::  05 1-  iio 

C^l  th  ri  31  O 
CO  CO  CO  CO  CO 


^  C^  CO  '^  '^ 
t^  t-"  O  Q  O 


CO  CI  00  lO  CO 
t-  '"^  i5  ao  in 
I— I  C^l  ©5  <M  ,-1 


b    5J 


5'  «  . 


B    I 

0 


8 


Ci  <M  C5  o 


lOl-OOi-liH  '-^•H<C3CP'^ 

t-  uo  CO  i^  '*      00  CO  CO  »a  i-O 


i^  ^  i^  t^  t- 


X  CO  o  ;c  CO  t^ 


COCOCO-^tM        coiocococo 


^  I  •  uO  CO  ^ 


CO 


3     C? 


•A 

0 


,« 


SlO  lO  I  '  O 
(M  C«  C-l  (71  <M 


JN  >9» 


lO  Q  »0  (N  l^ 

OO  CiCOCO 


\«' 


.^ 


\©»\»» 


t^  ^  i3  tr  I"* 

CO  05  d5  CO  C-1 
1-1  »—  ^1  csi  — 


'•»'N\<M        \«»"^'N  00 

^^-<  .       ^   -*    CO 
Ol  I-  t.O  l-  iC    »i? 

CO  O  <M  <M  rH  '(M 
'*  iCi-O  CO  "^ 


s 

9 


CO 


gi 


gSsS 

*  "M  JO 


w  Q  i-t  —  *-^ 

C^  CO  CO  CO  CO 


00  CO  .^  . 

'H«?5cococ9 


CO 


CO 


00  to  (N  Ir  iJi 

CO  CO  c«5  CO  CO 


C51 


CO 


if 


it 


X 

T3 


O 


2^  NO* 


\« 


^^::^ 


l-OOMCJ 

CO  "^  ey  C5  le 


CO  55  CO  CO  CO 


t-  »-0  lO  O  G^ 

—  01 05"^  CO 

t-  l-t:*lr-' 


\P» 


$ 


^  O  C  w 


^i^gsriSii  ^^s^g;^ 


5«  -M  e^.CQ  CO 


01  -N  !M  CO  CO 
C<l  C^l  C^  ?4  54 


c^ 


\> 

i  I 

I 

li 

1 1 


to 

PC 


■  > 
o 


a 

.3 

a 
®    . 

S  ca  9 


9^ 


'23 


08  ^-g 

cms 


^3 

a 

OS 


o3 

> 


a 

c:>  o8  fl 

as  fe  cd 

4)  g  <D 


:>»  : 

►J*  . 

00    ,      O) 

rt    Jh    t^ 

®  O  Ci 

g«d 

cmS 


> 

o 


0 

S  *  9 

OD^  OD 

JS  fe  08 


i-H         (M  CO  '««»'  liO 


'rH 


St.® 

^  >^ 
goo 

O  «  fl 

St:  S 


a 

a 


o 


d 
i^  c8  a 

oJ  t!  aj 


© 


o 


o 


OS  m 

©  S 

bi  >  o 

©  o  o 

> »— <  . 

O  «  q' 

oj  oe;3 


(71  eo-^m^ 


(M  CO  '*  LO 


rH         -M  CO  -^  »0t 


o 


I' 


^3 

2      o 

PC4 


^3 

c 

«   {D   .^ 


P>»^0 


'2^u9 

floq  ©  * 
oc^qI-s 


o 
o 
© 


^3 

Eh 


© 


o 


-a 

Pi 

O 

3 

o 

fl 
eO 

© 

2 
© 


t-i 
© 

© 


© 

o 


CS 

© 


.<.-<i 


SHEEP  FEEDIXi; 


sals 


Sin,. 3'   5SSS=,   5333'i 


i  liiii 


S8g8S    S3S83    SSS 


p?S-foa      5-^rtS 


is!   gggii   llii?S 


ilSsi 


SISli!  lisiSl  i§5iS 


ill 

3-^  £ 


10  MONTANtA   EXPERIMENT  STATION 


DISCUSSION  OF  RESULTS. 


WEIGHT  OF  WETHERS. 

Table  No.  1  gives  the  weights  and  gains  of  each  lot  of  weth- 
ers for  each  of  three  periods  and  for  the  whole  time  of  the  test, 
95  days.  The  table  shows  that  the  most  rapid  gains  were  made 
during  the  earlier  and  later  periods  of  the  test,  the  first  month  of 
the  feeding  test  and  the  last  month. 

Comparing  the  different  rations,  the  barley  seemed  to  give 
the  most  rapid  gains  throughout  all  the  periods.  For  the  whole 
time  of  feeding  tach  wether  in  this  lot  gained  27.29  pounds  each. 
The  lot  fed  oats  and  clover  gained  23.86  pounds  for  each  wether. 
The  lot  fed  wheat  and  clover  gained  23.07  pounds  each  or  about 
three-quartres  of  a  pound  less  than  the  lot  fed  oats.  Wheat 
screenings  gave  a  gain  of  21.02  pounds  and  the  mixed  grain  ra- 
tion a  gain  of  18.04  pounds  for  each  wether  for  the  95  days. 

The  average  of  the  whole  flock  of  112  head  shows  that  the 
wethers  weighed  123V^  pounds  at  the  beginning  of  the  test,  they 
weighed  146  pounds  at  its  close,  this  gaining  on  the  average  22% 
pounds  each.; 

The  table  shows  the  daily  gain  for  each  lot,  and  for  each 
wether,  and  also  the  w^eekh'  gain  for  each  whether,  both  by 
periods  and  for  the  whole  time  of  the  experiment. 


AMOUNT  OF  FOOD  EATEN  BY  WETHERS. 

Table  No.  2  gives  the  amount  of  food  eaten  by  the  wethers 
and  also  the  cost  of  the  food.  The  results  in  this  table  are  also 
giv^en  by  periods  and  for  the  whole  time  of  the  feeding  test. 

The  amount  of  food  eaten  "per  day  shows  that  for  the  first 
period  a  larger  proportion  of  clover  was  eaten  than  for  the  next 
two  periods,  but  this  was  to  be  expected  from  the  smaller  grain 
ration.  For  the  second  and  third  periods,  about  three  pounds  of 
ha3''  per  day  on  the  average  were  eaten.  The  average  for  the  95 
days  shows  about  3V4  pounds  of  ha_v  eaten  per  day  and  about 
eight  tenths  pounds  of  grain.      Comparing  the  different  rations, 
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the  wethers  fed  oats  ate  slightly  the  most  and  those  fed  the  mix 
ture  of  grain  the  least  clover  per  day. 


FOOD  EATEN   FOR   EACH  POUND  OF  GAIN  BY  WETHERS. 

The  pounds  of  food  required  for  each  pound  of  gain  in  live 
weight,  is  the  most  valuable  test  of  the  efficiency  of  a  ratio.  On 
the  average  of  all  the  lots  it  required  close  to  13V2  pounds  of 
clover  and  3V&  pounds  of  grain  to  produce  1  pound  of  gain  in  live 
weight.  The  lot  fed  on  barley  required  the  least  food  for  each 
pound  of  gain,  viz. :  10.9  pounds  of  clover  and  2.79  pounds  of 
grain.  Oats,  wheat,  screenings  and  the  mixed  grain  rations  fol- 
low in  the  order  named.  It  will  be  noted  that  less  food  was 
required  for  1  pound  of  gain  during  the  first  period  than  at  any 
later  time,  though  the  grain  ration  was  smallest  at  that  period. 
This  may  be  explained  by  the  general  experience  that  less  food  is 
required  in  the  earlier  than  in  the  late  periods  of  fattening. 


COST  OF  FOOD   EATEN   BY   WETHERS. 

The  cost  of  a  ration  is  not  always  a  safe  basis  of  comparison, 
as  prices  vary  from  year  to  year  and  in  different  localities.  The 
amount  of  food  for  each  pound  of  gain  is  always  a  safe  basis, 
and  thus  each  person  can  calculate  for  himself  the  cost  of  feeding 
in  his  particular  locality.  On  the  basis  given  in  this  bulletin,  it 
cost  on  the  average  6.3c  for  each  pound  of  gain  made  by  the 
wethers.  The  cheapest  gains  were  those  made  on  the  ration  of 
barle}',  viz.:  5.37c  per  pound.  Next  came  oats,  costing  6.1c, 
wheat  6.22c,  screenings  6.48c  and  the  mixed  grain  7.65c  for  each 
pound  of  gain.  It  will  be  noted  that  the  arrangement  of  the 
lots  on  the  basis  of  the  amount  of  food  for  each  pound  of  gain 
was  the  same  as  given  for  the  cost  of  the  feeding. 


12 


MONTANA   EXPERIMENT  STATION. 


>  as*  J 


x 


O 
Oh 


^  O  M  B 

g©.g<s 


ed  a 


02 

< 


o 
o 

•A 

o 

o 
X 


•A 

•r" 

c 

0 


•Ji 

C 

s 
o 

Qu 


&4 


a 
a 
c 


% 

0 


O  l-t  O  »H  -* 
02  OO  O  Od  C^ 


O  I'- 1^ 


a>  t-  c^  I"*  1^ 


I- 1-  « 

L'T  I-  :C!  ffq  31       Tt<  «ii»<  — I  Tj<  ?D 

00  Ci  oo  ir:  o       (M  oc  s:  CO  iH 


t^  00  00  OD  n 


i^  »^  o  -^  i^ 


• 

•« 

-c 

c 

*      •      •       •      • 

^ 

c 

&i 

* 

»— (  h-  **<  QO  O 

•  •  •  •  • 

«<l  i-H  i-H  ^^  C^ 


ITI 


00 


rH  —  -M  f-H  O 

CO  00  09  CC  CO 


UO  (M  00  Ci  OC 

—  t^  55  o  Ci 

Cl  1^  1-1  C^l  i-H 


00  Ci  ir5 1^  -^ 

1-H  '^  '«tl  CO  CO 
ClClCiC^CO 


S  C^  Cl  S  S 


C0iO©5Pi:- 
Oi  OD  O  00  t-; 

CD  CO  !>•  O  CO 


COOOCOiH  l>- 

i—  05  O  •>•  cn 

•^  iC  CO  >0  -"SI 


00  OOrHiH  CO 

»n  ^  -^  C^i  :~ 
T*<  ic:  lO  lo  L- 


^  I-  -e^  CO  C5 
O  X  00  CO  C'l 

CO  i;i  -ejJ  uo  CO 


.« 


lii  CI  p  c^  o 

i-H  C5  5l  iH  i-H 
C1--  riCl  M 


c  coooSSi 


I-  »0  I-  lO 

_  o:0iooc3 


s 


d  1^  Q  »S  f 

t-  ii5  CD  rf  05 
lO  »0  t*<  1,0  0 


CO 

S5 


I-- 

64 


■«!j<COX  CO 
1^  t-  t^  r- 


9) 


l-  US  P  iO  t- 

00  Od  00  O^  00 


I-  Ci|  »^  CJ  c^ 

t-  I-C  ^  CO  Cl 
~    »-!  Q  iH  — 


Oi 


I-  CI  ir:  CI  c* 

t-TH^COC^ 

T-<  Cl  c5  d  c« 


SiO  »f5  1^  iC 
lO  15  0>  Cl 
"«♦«  iC  lO  iQ  »0 


m!*c«*aDC«5'     ir^S:^^ 

CO  I-  I—  I'-t-l       000000500 
i-H  r-1  tH  iH  rH  r-C  »-H  r-l  *H  iH 


::^  1;:? 


UO  i«  lO  h-  »^ 

O  L^  L^  O)  C4 

•^  irj  o  lO  lO 


I- 

I- 


?J?i(5<ic»ci 


^M  «N  Cl  Cl  C^ 
d  -M  Cl  d  Cl 


iH  Cl  Cl  Cl  Cl 

dcicicici 


dci 


^ssa 


T3 

d 

CO 

to 


> 


•3    •  o 

^  cd  d 

SJ    fe    88 

«  9:  ® 

-d  5^ 

1^1^ 


• 

>» 

• 

ed 

5?-a 

u 

eS 

0 

> 

> 
0 

4> 

0 

0 

> 

^-t 

0 

a 

,«s    *i    03 

ce  08:2 

cms 


o 


d 

^  Jd 

sd  S  cS 

®  g  © 


s  L  ® 

®  ft 


o  o  u 


°  ^  d 


CJ'C* 


08 


s  *- 


05  ®  2 
08  car: 

cms 


73 

d 
08 


Pi 

> 
O 


d 

c8  fe  08 
o  ?  ® 


rt   fci   ^ 
®   O   C3 


08 
Pi 

t3C 


-3=^ 


P-^ 


^  08 

d 

08  *^'rt 

cmS 


73 

d 

CO 

d  _ 

d     .^  >-!     - 

^  ce  c3 

«5  08 


OS 

*d 
o 


»J  fl8 

Pi    >^ 


O   O   «   cf 


08  fe  08 
S  ®  ^ 


OS 

Pi 


d  r 


9 


08  08^3 

CcqS 


CICOtHO 


.-(        d  CO  -«*<  LO  'i-H         Cl  CO  "^  L^ 


i-H        d  CO  '^  iO 


73- 

2      o 

^  o  **  .■• 


73 

o 

Pi 


o 
5ci 


a: 


00 

d 


c; 


d 

03 


73 
O        o 

<D      5»T-ld 


&. 


a  . 

O  lO 


i2 

o 


Pi 

o 


o 
I— 


B 

Pi 

> 
08 


d 
o 

Pi 
O 

d ,  ® 

o    > 


o 


s 

> 


S 
0 


-/. 

Im 

c 


a 
o 


is 

— *  ♦J 

II 

S.2 

Kg' 

.0 

§^ 


2o 


S3 

cts 

•  ** 

C8 
«-» 
r. 


SHEEP  FEEDING. 


13 


E 

U 

o 


o 
o 
u. 


Q 


c 


-«♦*  M  iO  '^  go 

b- 6)00  CO  00 


iCkOOiCCO 


<MC3QO^ir3 


lo  lO  ir:  CO  CO 


^COQ»i5  — 


■^  ^LOlO  tH 


t^   b   S   L.   >» 

5  «  B  «  CO 


S 


QOOd  3)  O  O 


■^  CO  CO  ^  O 


cjiH'^i*  71  go 

C<  CO  CQ  ^  CO 


rH  C^rH 


c^^SSJ  s 


c 

o 


91 


CO 


:S?S  wcS 


05  £-  CO  kO  •  O 

COCOCIQOO 


iHrHrHrHrH,        -*  CO  t- CO  lO 


SrH  op  rH  © 


^Jf    ^J1    ^Ijl    ^•Jl    ^^ 


sssssg 


CJ  «  CO  CO  c^ 


a; 

> 

o 


^ 


©3  Ti<  «  ifS  CO 
1^  I'-  Ir-  t*  I— 


CO  QO  O  ^< 


00  I-*  Tj*  I-  Oi 


g2:S8g 


00  t^  00  OTi  l?5 


CO  "^  Oi  05  55 
i^  CO  i3  »H  o 


I « t*  Oft  00  t-^ 


**       B 

d  >kce 


e9 


^Ji  xji  ^Jl  ^9^  T' 


3SS85 


88338 


X  X  00  00  00 


> 
o 


•J 


ci  <?i  c4  ci  c^i  i     rn Vh  c^i  c4  — 


CdOO 


*$ss 


gsqss 

(N  (M  C<i  (M  ci 


1 

fa 


O 


X 


00  00  00  00  00 


CO  CO  CO  CO  CO 
— <  i-HtHtHtH 
CO  CO  CO  CO  CO 


»c  5?  cj  ©J  23 

t^  03  Od  Od  Od 

t^  t^  t- 1- 1- 


C4  0)05  03 
CO^COCO 


wW 


•X. 


LO  Q  iC  Q  Q 

SQO  ^  u^  in 
i?S  co^  in 

^tH  rH  r-l  tH 


c 


I2S 

C<lf-i 


Qooif: 


@^S8S 

r-t  eq  -^  CO  CM 

^Jl   'fjl  ^9*    ^J'    ^5^ 


h  4, 

>  * 


-X 


»A  O  lA  Q  i< 

CO  -^JJt-COS 


Q5©i  —  ci 

» O  'll  rtl  -^  If 


828 

if^coci5 


o 


8S« 


12 


•J. 

Xi 


P  O  P  O  ift 
00  OO  00  00  00 


C>  r-i  ^^  r-t  r-i 
C^  (M  ©^  <N  <M 


a; 

> 

a 
a 

d 


o 

c; 

d 


^  >  d 

a?  o  9 

o  "^  d 

d  g 


C3   >s 


4^ 


08  08:;; 
OQQS 


o 

I— « 

d 

08 

d 
d 

<£> 

u 

o 

03 


08 

O 


T3 

d 

08 


4^         -   4^ 


o8 


^'  o8  > 

o8       ^^ 

«  o  ^ 

TJ  9  £ 

d      ^ 

c8  c*r2 

oqqS 


o 


T3 

d 

08 

(« 

d 

d 
<x> 
o 
u 
o 

CO 


o3 

Pi 

> 
o 


T3 

d 

08 


4^       .  4^ 

08  (>>  s8 
«  C8  ® 


Pi 
o8  ^ 

5  P.   W 

^  ^  d 

>  ^H  o8 

cC  08:2 


Pi 

> 

o 


T3 

d 

08 

00 
30 

d 

d 

Pi 

O 
CO 


c8 

Pi 

> 
O 


T3 


08  >>  d 


^      ^ 


^-l  >  rt 

■2^2 

08  eer^ 
ODQ>n 


trH        ©l  CO  -^  lO   »-H        (M  C-:  rt<  if5  ,rH        5<l  CO  "^  10 


(MCO  ^10 


o  o 

•n  ^  00  CO 

9Q 


+5  > 


o 

0;  *=  O    CO 

d  0)  kir  no 

80  •^ 

C/2 


O  o 


CO 

c8 
Q 


a  . 


CO 


S 


00 


00 


00 


10 

o 

rH 


25 


i2 

o 


Pi 

O 

CO 
08 


d 

:8 

<V 
(£' 

OS 

u 

> 

< 


14  MONTANA  EXPERIMENT  STATION. 


WEIGHT  OF  LAMBS. 

Table  3  shows  the  weights  and  gains  of  lambs,  by  periods 
and  for  each  lot.  The  lambs  averaged  70  pounds  at  the  begin- 
ning of  the  test  and  95  pounds  at  its  close,  thus  gaining  25 
pounds  in  95  days. 

Lot  1,  fed  on  screenings,  made  the  largest  gain,  viz. :  27.24 
pounds,  followed  by  the  lot  fed  on  mixed  grain,  27.14  pounds, 
the  wheat  fed  lot  gained  25%  pounds,  the  barley  fed  lot  gained  24V^ 
pounds  and  the  oats  fed  lot  gained  20.9  pounds.  The  lowest 
daily  gain  was  made  by  the  lot  fed  oats,  each  lairib  gaining  but 
.22  of  a  pound.  The  highest  daily^  gain  was  by  the  lot  fed  screen- 
ings, \\z:  .287  pounds  per  da3^  The  lambs  fed  screenings 
gained  27%  pounds  for  the  95  days  while  those  fed  oats  gained 
only  20.9  pounds.  The  a^'^rage  for  all  lots  was  .263  pounds 
per  day. 

Considering  the  results  bj'  periods  it  will  be  noted  that  the 
fastest  gain  on  the  average  was  made  during  the  first  perod  and 
the  slowest  during  the  second  period. 


AMOUNT  OF   FOOD  EATEN  BY   LAMBS. 

Table  No.  4  gives  the  food  eaten  and  the  co;t  of  the  food 
for  each  period  and  for  the  whole  95  da3'S,  by  lots. 

On  the  average  each  lamb  ate  2.05  pounds  of  clover  and  .81 
pounds  of  grain  per  day.  There  was  not  a  very  great  difference 
between  the  amounts  eaten  by  the  different  lots.  Those  fed  oats 
ate  the  most  clover  and  those  fed  the  mixed  grain  ration  the  least. 


FOOD  eate:n  for  each  pound  of  gain  by  lambs. 

The  food  eaten  for  each  pound  of  gain  on  the  average  was 
8.08  pounds  clover  and  3.11  pounds  of  grain.  The  lot  fed 
screenings  required  the  least  food  for  each  pound  of  gain,  viz. : 
7.73  pounds  of  clover  and  2.82  pounds  of  grain.  The  mixed 
grain  ration,  wheat,  barley  and  oats  follow  in  the  order  named. 
Oats  would  appear  to  be  the  least  efficient  ration  in   fattening 
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lambs,  while  screenings  and  the  mixed  grain  rations  appear  to  be 
the  most  efficient. 


COST  OF  FOOD  EATEN  BY  LAMBS. 

As  stated  above,  while  the  monev  cost  of  a  ration  does  not 
always  afford  n  safe  comparison,  yet  it  is  an  interesing  one,  at 
least  to  the  local  people,  when  prices  are  similar  to  those  given 
in  the  experiment.  On  the  average  it  cost  about  4^2  cents  per 
pound  for  each  pound  of  gain  made  by  those  lambs  during  the  95 
days  of  the  test.  The  lowest  Cost  was  with  the  lambs  fed  on 
screenings,  viz. :  4.04  cents  per  pound.  The  highest  cost  was 
with  oats,  viz. :  5^/^  cents,  or  nearly  IV2  cents  per  poimd  more 
than  for  the  screenings  ration.  This  is  explained  by  the  fact 
that  the  screenings  was  not  alone  the  most  eflicient  but  also  the 
cheapest  grain  ration.  The  wheat  ration  at  the  price  given  pro- 
duced gain  at  V2  cent  per  pound  less  than  did  the  barlc\'  ration, 
or  4.5c  per  pound  for  wheat  ration  and  5c  for  the  barley  ration. 
The  mixed  grain  ration  produced  1  pound  of  gain  at  a  cost  of 
4.5  cents  per  pound,  thus  costing  about  }4  of  a  cent  more  per 
pound  than  for  the  screenings. 


COMPARISON    OF    LAMBS    AND    WETHERS,   THE  GAIN   AND 

COST  OF  GAIN. 


A  comparison  of  the  results  in  feeding  the  lambs  and  wethers, 
l)rings  out  some  interesting  facts  as  the  table  shows. 


FootI  EnU'ti  Per  Day, 


Lambs . . . 
Wethers. 


Clover. 


Cirain. 


2.05  n)s.i  .81  ms. 

3.22  lt)s.l  .806  n)s 


Gain  Per 

Day  Per 

She«'p. 


263  ft)s. 
238  It)s. 


Total 

Gain   Per 

^ll(.•(•p. 


25.  lbs. 
25.6  rbs 


Cost    of 

Food  Per 

Day. 


1.21c 
1.5c 


Cost  of     'Total  Cost 


One  Lb. 
of  (jain 


4 .  49c 
6. 30c 


of  Gain 
I'er  Sheep. 


$1 .  13 
$1.43 
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The  wethers  ate  practically  the  same  amount  of  grain  as 
did  the  lambs,  but  they  ate  1.17  pounds  more  clover  hay  per  day. 

The  lambs  gained  2Mj  pounds  more  for  the  95  days,  even 
though  they  ate  less  food.  The  cost  of  each  pound  of  gain  for 
the  wethers  was  6.3  cents  while  for  the  lambs  it  was  about  4.5 
cents  or  1.8  cents  less  for  the  lambs.  For  the  95  days  the 
feed  of  the  wethers  cost  $1.42  each,  while  that  of  the  lambs  cost 
$1.13  or  29c  less. 

Considering  the  gains  only,  the  lambs  were  much  the  more 
economic  feeders,  it  costing  with  100  lambs  $29.00  less  to  pro- 
duce  2.500  pounds  of  gain  than  for  100  wethers  to  produce  2,266 
pounds  of  gain  in  live  weight.  However,  because  of  their  size 
and  the  cheaper  rate  at  which  they  were  purchased,  the  wethers 
proved  to  be  the  most  profitable  to  feed  as  will  be  noted  later. 


QAINS  MADE  BY  LAMBS  AND  WETHER^  FOR  THE 

VARIOUS  PERIODS. 


Another  interesting  comparison  is  in  the  gains  made  for  the 
various  periods  by  the  lambs  and  wethers. 

For  the  first  period  of  31  days  the  wethers  on  the  average 
made  faster  gains  than  did  the  lambs.  For  the  2nd  and  3rd 
periods  the  lambs  on  the  average  gained  the  more  rapidly.  The 
voung  and  growing  animal  maintained  the  rate  of  gain  better 
than  did  the  more  mature  animal. 


COMPARATIVE  VALUES  OF  GRAIN  RATIONS  FOR  LAMBS 

AND   WETHERS. 


It  is  noticeable  that  the  best  grain  ration  for  the  lambs  did 
not  prove  the  best  ration  for  the  wethers.  With  the  lambs  the 
wheat  screenings  proved  to  be  the  best  grain  ration,  requiring  the 
least  grain  for  each  pound  of  gain  and  making  the  fastest  gains. 
The  mixed  grain  is  a  very  close  second.      Not  alone  is  the  ration 
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of  screenings  efficient  but  it  is  also  a  cheap  ration,  producing  a 
pound  of  gain  for  4.04  cents  while  the  mixed  grain  ration  cost 
4.3  cents. 

These  results  accord  with  pervious  tests  at  this  Station  as 
reported  in  bulletins  No.  31  and  39.  Experiments  conducted  by 
the  writer  at  the  Utah  Station  show  the  same  results ;  the  screen- 
ings proved  the  most  efficient  ration  for  lambs.  The  results 
from  feeding  the  wethers,  however,  have  another  story  to  tell. 
Neither  the  screenings,  nor  the  mixed  grain  proved  as  efficient  or 
as  cheap  rations  as  the  various  grains,  in  fact  they  were  the  least 
efficient  rations  fed.  With  the  wethers,  the  barlev  ration  gave 
the  best  returns,  but  with  the  lambs  it  was,  next  to  the  oats,  the 
least  efficient  ration  fed.  With  the  lambs  the  oats  ration  gave 
much  the  poorest  returns,  but  with  the  wethers  was  next  to  the 
barley  in  efficiency  and  cheapness;  wheat  occupies  an  intermediate 
point  with  both  lambs  and  wethers.  I  will  not  attempt  to 
reconcile  these  apparent  contradictions.  They  seem  to  teach 
that  a  ration  capable  of  giving  the  best  results  with  lambs  ma\' 
not  be  the  best  for  wethers  and  mature  stock.  There  is  room 
here  for  further  investigation. 


THE  CLOVER  WASTE. 


It  will  be  noticed  from  tables  2  and  4  that  there  is  Consider- 
able  waste  from  feeding  the  clover.  To  get  the  sheep  to  eat  as 
much  as  possible,  they  can  not  be  forced  to  eat  the  clover  too 
closely,  otherw^ise  they  will  not  eat  as  much  nor  do  as  well. 
Again,  much  of  this  clover  was  from  the  first  cutting  after  seed- 
ing and  thus  there  was  considerable  old  stubble  in  the  hay.  The 
waste  from  the  w^ethers  was  6,830  pounds,  or  nearly  31,'^  tons, 
this  was  16V^  per  cent  of  the  hay  fed.  The  waste  from  the 
lambs  was  6,655  pounds,  a  little  less  than  from  the  wethers,  but 
a  larger  percent  of  the  amount  fed,  namely,  23.6  per  cent.  As 
this  waste  was  fed  to  cattle  and  horses  and  practically  all  eaten, 
the  sheep  are  not  charged  wnth  it. 
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TABLE  Y.— Lamb  Feeding.    Summary  and  Financial  Results  1903*3. 


F*hI  95  Duyy. 


Number  of  lambs 

Weight  at  beginning 

*Cost  of  lamb  at  2.570  per  Dj.  . 

C!ost  of  food  and  cost  of  feed- 
ing each  lamb 

Total  cost  of  lambs 

Weight  at  close  of  test 

Net  gain 

Gain  per  lamb 

tReceived  for  lambs  if  sold  at 
VAc  per  pound 

Pront  on  feeding 

Profit  on  feeding  one  lamb. . 


Weight  of  lambs  in  Chicago. 

Loss  in  shipping 

Per  cent  loss  in  shipping.  . . . 
Received  for   lambs    at    7 14  c 

per  It> 

JTotal  cost  of  shipping  with 

commission 

Cost  of  shipping  one  lamb 

Value  of  five  lambs  lost 

Net  returns  for  lambs 

Cost  of  lambs  and  feed 

Pi-ofit  on  feeding. . , 

Profit  on  feeding  one  lamb . . . 


LiJti 

Fod  Clo- 
ver and 
Wlii-at 
Scroen- 


21 
1405  tbs 
$36.12 

822. J5 
857.27 
1977  lbs 
572  fljs 
27  lbs 

888  90 
$30.69 

81.55 


Lot  2. 

Fed 
Clover 

ami 
Wheat. 


22 

1555  1T)S 

839.96 

825.50 

865.46 

21.12  ms 

557  lbs 

25  lbs 

895.04 
829.58 


81.34 


Lot  3. 

Fed 

('lover 

aiidOat.s 


22 

1555  tbs 

839.96 

825.29 
8<>5 .  25 
2015  lbs 
400  n)s 
21  lbs 

890.67 
825.42 


81.15 


Lot  4. 

Fed 
Clover 

and 
Barley. 


00 

1597  ll)S 
839.96 

826.96 
866.92 
2132  lbs 
535  lbs 
24  lbs 

895.94 
829.02 


81.32 


Lot  0, 

Fed 
(Clover 

and 

Qraiu 

Mixture. 


22 

1525  lbs 

839.20 

825.50 
864.70 
2122  lbs 
597  lbs 


Total> 


109 

7635  ir>8 

8196.20 

8125.40 
8321.60 
10360S>s 
2722  lbs 


27  tbs     25  ft)s 


895 . 49 
830.79 


81.40 


8456.10 
8144.50 


81.32 

9569  lbs 

792  lbs 

7.6PrCt 

8693.70 

881.52 

.75 

$35.08 

8577.10 

8321.60 

8255.50 

82.34 


*At  :J?1.80  each  or  as  calculated  2.7u  cents  per  pound. 
jThe  price  at  which  many  lambs  were  sold  in  the  valley  last  winter. 

tThli?  is  calculated  <mi  the  basis  that  the  cost  of  shipping  wouhl  be  in  proiwrtion   to  weiKht 
of  lambs. 


THE  FINANCIAL  RESULTS  WITH  LAMBS. 


We  have  next  to  consider  the  financial  results  and  the  record 
of  the  experiences  from  shipping  the  car  of  lambs  and  wethers  to 
Chicago,  Table  5  gives  the  experience  v^ith  the  lambs.  This 
table  will  repaj'  careful  stud^^  The  table  is  arranged  to  show, 
first,  the  returns  if  the  lambs  had  been  sold  to  dealers  at  Boze- 
man,  as  many  of  the  feeders  in  the  vallej^  did.     The  profit  per 
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lamb  ranged  from  $1.15  for  the  lot  fed  on  oats  to  $1.55  for  the 

lot  fed  on  screenings.  Considering  the  109  lambs,  the  purchas- 
ing price  was  |196.20.  The  cost  of  the  feed  was  $125.40,  mak- 
ing a  total  cost  for  lambs  and  feed  of  $321.60.  The  returns  . 
for  the  lambs  if  sold  at  4Mjc  per  pound  live  weight,  would  have 
been  $456.10.  This  would  mean  a  return  of  $144.50  as  profit 
and  pay  for  labor  and  care  in  looking  after  the  lambs,  or  $1.32 
for  each  lamb  fed.  The  cost  of  feeding  is  not  considered  in 
these  results,  as  in  a  feeding  experiment  the  labor  cost  is  necessar- 
ily excessive.  Figuring  from  the  facts  given  by  Mr  Broox 
Martin  as  quoted  in  a  later  part  of  this  bulletin,  the  labor  cost, 
including  every  itern  of  expense,  is  not  over  25c  for  each  lamb  or 
sheep  fed.      This  would  leaye  a  net  profit  of  $1.07  for  each  lamb. 


THE  SHIPPING  EXPERIENCE. 


The  next  part  of  the  table  shows  the  results  obtained  from 
shipping  the  Iambs  to  Chicago.  The  lambs  were  weighed  two 
days  before  being  shipped  and  this  was  taken  as  the  shipping 
weight.  They  were  loaded  on  the  car  in  themorning,  being  driven 
about  two  miles  to  the  loading  chute. 

It  will  be  noticed  that  they  lost  792  pounds  on  their  journey, 
or  7.6  per  cent  of  their  home  weight.  In  Chicago  the  lambs  sold 
for  lyi  cents  per  pound,  and  after  deducting  the  value  of  the  five 
lambs  lost,  returned  $658.62.  The  cost  of  shipping,  with  com- 
mission and  all  expenses  figured  on  the  basis  stated,  was  $81.52, 
or  75c  for  each  lamb.  The  net  returns,  therefore,  were  $577.10. 
The  cost  of  the  lambs  and  the  feed  was  $321.60,  thus  the  profit 
on  the  feeding,  when  selling  at  Chicago  prices,  was  $255.50,  or 
$2.34  for  each  lamb.  As  will  be  noted  this  was  $1.00  more  per 
lamb  than  would  have  been  obtained  by  selling  in  Bozeman  at 
the  average  price  being  paid.  It  should  be  mentioned,  perhaps, 
as  will  be  noted  later,  that  as  these  lambs  were  fed  grain  nearly 
all  through  the  test  and  were  thus  in  extra  good  condition,  they 
commanded  a  premium  on  the  Chicago  market. 
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TABLE  VI.— Feeding  Wethers.     Summary  and  Financial  Results  1902-3 


Fo<l  9")  Days. 


Lotl. 
Fed  (Mo- 
vpr  and 
Wheat 
Screen- 
ings. 


Number  of  Wethers 

Weight  at  beginning  of  test. . . 
♦Cost  of  wethers  at  2.2560  per  It; 

Cost  of  food 

Total  cost  of  fatted  wethers . . 

Weight  at  close  of  test 

Net  gain 

Average  gain  per  wether 

tReceived  for  wethere  if  sold 

for  4c  per  lb.  live  weight — 

Profit  on  feeding 


22 

:2717  ms 
$61.30 
$19.88 
$81 . 18 

3180  lt)s 

4G3  tt)s 

21  R)s 

8127.20 
$46.02 


Lot  2. 

Fed 
Clover. 

and 
Wheat. 


Profit  on  one  wether |    $2.09 

Weight  of  wethers  in  Chicago 
Loss  of  weight  in  shipping. . . 

Per  cent  loss  in  shipping 

Received  for  wethers    at    6c 

per  lb 

JTotal  cost  of  shipping  with 

commission 

Cost  of  shipping  one  wether. . 

Net  returns  for  wethers 

Cost  of  wethers  and  feed 

Profit  on  feeding 

Profit  on  feeding  one  wether. 


22 

2725'n)s 

$61.45 

$32.18 

$93.63 

3232  lt)s 

507  lbs 

23  lbs 

$129.28 
$35.65 


$1 .  62 


Lot  3. 

Fed 

Clover 

and  Oats 


Lot  4. 

Fed 
Clover 

ann 
Barley. 


22  23 

279Tlbs'2745  ms 
$63. (»4  :  861.05 
$32.18    $32.18 
$95.22    894.13 
3320  lbs  a372  lbs 
525  lbs   627  lbs 


Lot  5. 

Fed 
Clover 

and 
Grain 
Mixture. 


24  Ujs 

$132.80 
$37 .  58 


$1.71 


27  ft)S 

$134 . 88 
840.75 


81.77 


23 

2832  lbs 

$63.85 

830.30 

894.15 

3247  ft)S 

415  lbs 

18  lbs 

$129.78 
$35.63 

$1.&5 


Total. 


112 
13814  lbs 
$311. 60 
$156.72 
$468.32 
16352  lbs 
2538  lbs 
2266  lbs 

$654.08 
$185. 7G 


$1.66 

151901bs 
1162  lbs 
7.1PrCt 

$911.40 

$128.86 
$1.16 
$782.54 
$468.32 
$314.22 
$2.80 


♦Each  wether  cost  $2.80.    This  by  calculation  makes  2*i  cents  per  pound  live  weight, 
tThe  i)rice  ut  which  many  wethers  were  sold  in  the  valley  last  winter. 

^This  is  calculate<l  on  the  basis  that  the  cost  of  shipping  would  be  in   proiwrtion  to  the 
weight  of  the  wethers. 


THE  FINANCIAL  RESULTS  WITH  WETHERS. 


Table  6  shows  the  financial  results  with  the  wethers.  Selling 
at  local  prices,  4c  per  pound,  the  lot  fed  screenings  returned  the 
largest  profit,  viz. :  $2.09  per  wether,  next  comes  the  barley 
ration,  followed  by  oats,  wheat  and  the  mixed  grain  ration  in  the 
order  named.  The  price  paid  for  the  wethers  was  $2.80  each, 
but,  to  put  all  the  lots  on  an  equal  basis,  the  price  is  figured  at 
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2Vic  per  pound,  which  was  the  actual  price  paid  per  pound.  The 
cost  of  the  112  wethers  was  $311.60.  The  cost  of  the  feed  was 
$156.72,  making  the  total  cost  of  the  wethers  $468.32.  Had 
they  been  sold  at  4c  per  pound,  the  price  offered  by  dealers  in 
Bozeman,  they  would  have  brought  $654.08,  giving  a  profit 
(which  would  include  pay  for  labor),  of  $185.76,  or  $1.66  profit 
on  each  wether.  This  shows  a  larger  profit  on  the  wethers  than 
for  the  lambs  by  34c  each,  and  this  in  spite  of  the  fact  that  the 
lambs  made  much  the  more  economic  gain  in  feeding,  as  is  noted 
in  another  place. 

The  explanation  of  this  is  given  in  the  following  table,  and  as 
will  be  noted,  it  is  due  to  the  increase  in  the  selling  price  of  the 
original  weight  of  the  sheep  and  also  to  the  difference  in  the 
original  weight  of  the  lambs  and  wethers. 

To  illustrate: 

A  123  lb.  wether  costs  at  2.256c  a  lb $2.80 

And  the  22.6  lb.  gain  costs  at  6.3c  per  lb 1.42 


Thus  the  total  cost  of  the  wether  was $4.22 

But  the  123  lb.  wether  sold  for  4.785c  a  lb.  or 5.88 

And  the  22.6  lb.  gain  sold  for  4.785c  a  lb.  or 1.10 


Thus  the  net  price  received  for  the  wether  was  ...$6.98 

This  represents  a  loss  of  32c  on  the  increase  made  during  the 
fattening  period,  but  a  gain  of  $3.08  on  the  original  w^eight  of 
the  wether,  or  a  net  gain  of  $2.76.  The  profit  arose  from  the 
increased  value  given  to  the  original  1 23  pounds  of  the  wether 
by  adding  23  pounds  in  finishing  the  animal  for  market. 

For  the  lambs  the  results  are  as  follows  : 

A  70  lb.  lamb  costs  at  2.57c  per  lb $1.80 

And  the  25  lbs.  gain  cost  at  4.49c  per  lb 1.13 

Or  a  total  cost  per  lamb  of $2.93 

But  the  70  lb.  lamb  sold  for  5.573c  per  lb.  or 3.90 

And  the  25  lbs.   gain  sold  for  5.573c  per  lb.  or 1.39 

Or  a  net  return  per  lamb  of $5.29 
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This  represents  a  profit  of  26c  on  the  gain  made  on  each 
lamb  during  the  fattening  period  and  a  profit  of  $2.10  on  the 
original  weight  of  the  lamb.  This  is  98c  less  than  on  the  orig- 
inal weight  of  the  wether  although  the  lambs  increased  in  value 
3c  per  lb.  and  the  wethers  onlj^  2 Vi  cents  per  pound.  Thus  the 
net  gain  in  value  on  the  lambs  was  $2.36  but  on  the  wethers 
$2.76  or  40c  more.  ^ 


THE  vSHIPPING  EXPERIENCE. 


Consider  next  the  experience  and  results  from  shipping  the 
wethers  to  Chicago.  They  were  handled  exactly  the  same  as 
the  lambs  and  shipped  in  the  same  car.  The  loss  of  weight  in 
shipping  was  1162  pounds  or  7.1  per  cent ;  about  V^  per  cent  less- 
than  for  the  lambs.  The  wethers  sold  at  6c  per  pound,  a  total 
of  $911.40.  The  cost  of  shipping  on  the  basis  figured  was 
$128.86  for  the  112  head  or  $1.16  each.  This  left  a  net  return 
of  $782.54.  The  cost  of  the  wethers  and  the  feed  was  $468.32. 
Thus  the  profit  on  the  feeding  was  $314.22  or  $2.80  each.  This 
was  $1.14  greater  profit  than  if  the  wethers  had  been  sold  at  the 
prices  prevailing  in  the  valley. 


COMMENTS  ON  THE  QUALITY  OF  THE  STOCK. 


The  quality  of  the  stock,  due  first  to  Mr.  John  Robinson's 
careful  selection,  who  purchased  the  sheep  for  us,  and  next  to 
the  excellent  finish  given  them,  is  best  illustrated  by  quotations 
from  the  Chicago  live-stock  papers  which  are  appended. 
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WEEKLY  LIVE  STOCK  REPORT,  CHICAGO. 


RECORD  PRICES  FOR   MONTANAS. 

**0n  Friday,  March  6,  the  Montana  State  P2xperimcnt  Station 
marketed  at  Chicago  96  head  of  lambs  averaging  88  lbs.  at  $7.25, 
and  112  wethers  averaging  136  lbs.  at  $6.00.  These  prices  are 
the  highest  ever  paid  on  anj'  market  for  stock  raised  and  fed  in 
Montana.  The  price  paid  for  the  lambs  was  equal  to  the  best 
sale  of  the  season  up  to  that  date,  and  the  wethers  also  brought 
the  highest  price  of  the  season  and  the  highest  paid  at  Chicago 
since  June  last  year,  when  the  same  figure  as  reached.  The 
wethers  were  purchased  by  Armour  &  Co.,  and  the  lambs  b^-  the 
Schwarzschild  &  Sulzberger  Packing  Co. 

**The  Schwarzschild  &  Sulzberger  Co.  report  that  five  head 
of  lambs,  of  which  close  record  was  kept  for  test,  dressed  out 
54.8  per  cent.  As  50  to'52  per  cent  is  considered  a  good  average 
showing,  it  will  be  seen  that  these  lambs  did  very  well.  Armour 
&  Co.  report  that  five  head  of  wethers  dressed  51  per  cent.'' 


CHICAGO  LIVE-STOCK  WORLD. 


LAMBS  $7.25;   WETHERS  $6.00. 

MONTANA    EXPERIMENT     STATION     MARKETS    TWO    SPLENDID   LOTS. 

*^ Conspicuous  in  the  somewhat  inferior  run-  of  sheep  and 
lambs  today  were  two  bands  consigned  by  the  Montana  Experi- 
ment Station  at  Bozeman,  Mont.,  that  furnished  a.  valuable 
object  lesson  to  feeders  on  the  advantage  of  finishing  stock  be- 
fore marketing. 

'*0n  a  bad  market  the  lambs  were  bought  by  the  *S.  &  S.'  at 
$7.25,  and  the  wethers  by  Armour  &  Co.  at  $6.00,  the  latter 
being  the  highest  price  this  year.  Both  bands  will  be  subjected 
to  a  dressing  test.  As  no  representative  of  the  Experiment 
Station  accompanied  the  shipment,  details  of  feeding  could  not 


24  MONTANA  EXPERIMENT  STATION. 

be  obtained.  The  flock  was  greatly  admired  b\'  sheep  division 
talent.  ♦  *  *  This  is  the  highest  price  ever  paid  for  native 
Alontana  lambs  finished  in  the  state,  the  previous  high  spot  being 
$6.85  last  3'ear.  It  is  the  highest  price  ever  paid  for  Montana 
wethers  by  a  dollar. 

"The  lambs  brought  the  top  price  here  this  season  and  the 
wethers  25  cents  higher  than  the  previous  top. 

*'Part  of  the  wethers  will  be  sent  to  Bermuda  to  furnish  the 
grade  of  mutton  suited  to  the  epicurean  taste  of  the  oflicers  of 
the  British  garrison  there.  They  were  fed  experimentally  on 
hay  and  grain.'*  • 


CHICAGO  DROVERS'  JOURNAL. 


MONTANA   SHOWS  GRE:AT  RESULTS. 

"A  deck  of  fancy  136-lb.  Montana  wethers  sold  at  $6.00  this 
morning,  and  a  deck  of  fancy  88-lb.  Montana  lambs  at  $7.25, 
the  lambs  reaching  the  previous  top  price  of  the  season  and  the 
wethers  showing  the  highest  price  of  the  season  and  the  highest 
price  paid  here  since  June  last  year,  when  the  same  figure  was 
reached.'* 

To  the  Montana  feeder  the  encouraging  feature  of  these  com- 
ments is  that  with  the  right  kind  of  stock,  the  grains  and  fod- 
ders of  Montana  will  give  to  the  live-stock  fattened  here  the 
finish  that  will  enable  them  to  compete  successfully  with  the 
com  fed  stock  of  the  middle  west.  Another  thought  suggested, 
perhaps,  is  that  it  pays  to  put  the  finish  on  the  animals. 


PRR  CENT  OF  DRESSED  MEAT  TO  LIVE  WEIGHT. 


A  few  points  brought  out  incidentalh'  by  this  test  should  not 
be  passed  over  and  others  should  be  compared  with  the  experience 
of  previous  years. 
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Dressed  Weights,  Per  Cent. 


11X)2 


Lambs 54.2  Per  Cent. 

Wethers,  1  year 52.9  Per  Ceut. 

Wethers,  2  year • ,53.5  Per  Cent. 

Old  Ewes 50.6  Per  Cent. 


1903 

54.8  Per  Cent, 
5i.l  Percent. 


Five  lambs  and  five  wethers  were  marked  before  leaving  the 
Station  farm  and  then  killed  in  Chicago,  and  from  these  the 
dressed  weights  were  obtained.  The  lambs  fed  the  past  winter 
dressed  a  little  better  than  did  those  of  the  year  before  but  the 
wethers  dressed  2%  per  cent  less.  We  are  tinder  obligations  to 
Armour  &  Co.,  and  Schwarzschild  &  Sulzberger  Co.,  of  Chicago, 
for  the  facts  in  regard  to  this  report. 


SHRINKAGE  FROfl  TWELVE  HOURS  FAST. 


Live-stock  is  frequently  bought  on  full  weights  with  4  per 
cent  deducted  as  shrinkage,  or  they  are  left  without  food  and 
water  for  12  hours  and  then  weighed,  this  weight  being  taken  as 
the  shrink  weight.  An  attempt  was  made  to  find  what  was  the 
shrinkage  by  holding  the  sheep  without  food  and  water  for  12 
hours. 

The  table  gives  the  results : 


• 

Pull  Weight. 

Shrunk  Wt. 

Shrinkage. 

Shrinkage. 

Lambs 

103C0  lbs. 
16352  lbs. 

10175  (bs. 
258.10  ms. 

185  lbs. 
502  lbs. 

1,79  Per  Cent. 

Wethers 

3  07  Per  Cent. 

The  results  showthatthe  Iambs  shrank  a  little  less  than  2  per 
cent  and  the  wethers  a  fraction  over  3  per  cent  in  live  weight  by 
being  deprived  of  food  and  water  for  12  hours. 
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SHRINKAGE  FROM  SHIPPING  TO  CHICAQO. 


The  next  question  is  the  shrinkage  in  marketing.  The 
weight  taken  as  the  shipping  weight  was  the  average  of  weights 
taken  on  February  23d  and  25th.  The  sheep  were  shipped  the 
morning  of  the  27th.  The  sheep  were  weighed,  as  during  the 
winter,  between  two  and  four  o'clock  in  the  afternoon,  after  hav- 
ing had  their  morning  feed  of  clover  and  grain.  They  had  access 
to  water  at  all  times.  To  the  table  is  added  the  results  from 
previous  years. 


Lambs. 


4( 
it 


Wethers 


Old  Ewes 


Weight  Per  Lamb 
in  Bozeman. 


88  lbs. 
86.6  lbs. 
95      It)S. 


129  lbs, 
U6  lbs. 


107.2  lbs. 


Weight  in 
Chicago. 


80  lt)s. 
79  lbs. 
87.8  lbs. 


lis     lbs 
135.6  lbs 


95  lbs. 


Shrinkage. 


8 
7.6 
7 .  io 

lt)S, 

lbs. 
lbs. 

11.2 
10.5 

tbs. 
lbs. 

12.2  lbs. 


Shrinkage 
Per  Cent. 

Year. 

8.7 
8.7 
7.6 

1901 
1902 
1903 

8.6 
7  1 

1902 
1903 

11.3 

1902 

The  loss  in  shipping  is  very  simliar  for  the  several  years, 
though  slightly  lower  for  the  past  season.  The  data  should 
give  fairly  accurate  results  considering  the  three  years.  The 
shrinkage  ranges  between  7  per  cent  and  9  per  cent. , 


COST  OF  SHIPPINQ  TO  CHICAQO. 


An  important  point  to  be  always  considered  by  the  local 
feeder  is  whether  to  sell  the  lambs  locally  or  ship  to  some  central 
market.  To  enable  the  Montana  feeder  to,  in  a  measure,  answer 
this  question,  the  sheep  fed  the  past  three  years  have  been 
shipped  to  Chicago  and  sold  on  that  market.  The  table  shows 
the  cost  of  shipping  for  each  of  the  three  years. 
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Cost  of  Shipping  for  Three  Years,  One  Double-deck  Car. 


Year. 

No.  of  Sheep. 

Average  Weight 
of  Sheep. 

Total  Cost  of 
Shipping, 

Average   Cost 
Per  Sheep. 

1901 
1902 
1902 
1802 
1903 
1903 

216  lambs 
55  lambs 

104  wethers 
53  ewes 

109  lambs 

112  wethers 

88     Tbs. 

86.7  •' 
129      ** 
107       " 

95      " 
146       " 

8181.39 
42.96 

122.14 
49.89 
81.52 

128.80 

$  .83 

.78 

1.17 

.94 

.75 

1.16 

The  average  for  the  three  years  shows  that  it  cost  78%  cents 
to  ship  the  lambs,  $1.16  to  ship  each  wether  and  94  cents  to 
ship  the  old  ewes.  It  should  be  remembered,  of  course,  that 
these  results  are  from  shipping  two  or  more  cars.  We  shipped 
with  other  feeders  in  the  vallev. 


THE  NET  PRICE  PER  POUND  RECEIVED  AT  BOZEMAN-- 

CHICAGO  PRICES. 


In  connection  with  the  cost  of  shipping,  an  interesting  ques- 
tion is  as  to  the  net  price  per  pound,  or  100  pounds  received  for 
the  sheep  at  the  college  farm. 

The  net  price  received  for  each  lamb  after  deducting  the  cost 
of  shipping,  etc.,  was  $5.29.  Figuring  on  their  weight  at  Boze- 
man,  viz. :  95  pounds  each,  this  gives  a  return  of  $5.57  per 
hundred  pounds  at  Bozeman. 

For  the  wethers  the  net  price  received  for  each  after  deduct- 
ing shipping  expenses  was  $6.98.  Again  considering  the  weights 
at  Bozeman,  viz. :  146  pounds  each,  the  returns  were  $4.78  per 
100  pounds  at  Bozeman. 

As  will  be  noted,  this  is  considerable  above  the  prices  paid  in 
the  valley  the  past  winter.  There  is,  however,  alwaj^s  a  certain 
amount  of  risk  in  shipping,  due  to  the  fluctuations  in  the  market, 
and  again  these  prices  were  for  an  extra  lot  of  stock. 
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THE  EXPERIENCES  OF  SOME  OTHER  FEEDERS. 


In  closing  the  description  of  the  sheep  feeding  work  of  the 
past  winter,  we  wish  to  place  on  record  the  results  obtained  by  a 
few  of  the  feeders  in  the  state  as  reported  in  three  of  the  papers. 
The  following  extracts  are  taken  from  those  reports : 


FROM  THE  GALLATIN   FARMER  AND  STOCK/IAN. 


PROFIT  ON  LAMB  FEEDING. 

"We  publish  the  following  statement  kindly  furnished  us  by 
Mr.  E.  Broox  Martin,  who  has  for  a  number  of  years  past  been 
feeding  lambs  for  the  market.  A  careful  record  has  been  kept  of 
all  expenses  incurred,  as  shown  in  the  tables  which  go  a  long  way 
to  prove  just  what  can  be  done  by  careful-  management  and 
keeping  correct  data : 

SHEEP  FEEDING  STATEMENT. 

Bought  1,793  lambs  Oct.  4,  paid $3,070.25 

Run  them  on  pasture  to  Nov.  27;  pasture  cost 93.28 

Paid  herder .36.00 

Nov.  27,  put  lambs  on  hay  feed,  and  fed  3  lbs.  per  day 

for83  days,  438,987  pounds  a  $5.00  per  ton 1,097.00 

Began  feeding  grain  Dec.  29  afad  fed  4,000  lbs.  of  sceen- 

ings  at  75  cents  per  hundred 30.00 

Also  40,451  lbs.  of  oats  at  85  cents  per  hundred 420.33 

Salt 2.50 

Labor  to  feed  lambs 190.00 

Board  for  men  while  feeding 59.10 

Board  for  teams  while  feeding 52.12 

Shoeing  horses 15.00 

Interest  on  capital  invested 71.61 

Incidentals,  provisons  for  herders,  livery  etc 20.05 

$5,178.14 
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CONTRA  ACCOUNT. 

Feb.  20  sold  1,763  lambs  at  4^2  cents  for $6,773.34 

Bv  25  per  cent  of  hay  cleaned  from  racks  and  fed  to 

stock  cattle 274.25 

By  pelts  from  lambs  lost 5.00 

$7,062.59 
5,178.14 

$1,884.45 

'*The  lambs  weighed  on  November  27,  when  the  feeding  com- 
menced, an  average  of  69  pounds.  They  weighed  on  February- 
20,  when  sold  an  average  of  86%  pounds,  a  gain  since  feeding- 
commenced,  of  17%  pounds.'' 


FROM  THE  DILLON  TRIBUNE. 


**The  finest  shipment  of  sheep  that  has  ever  gone  out  of 
Beaverhead  county,  if  not  the  state  of  Montana,  left  the  Dillon 
stock  yards  last  Friday.     There  were  almost  1,600  of  them. 

The  sheep  were  an  example  of  what  alfalfa  feeding  w411  do  in 
this  county. 

The  wethers  were  bred  and  raised  by  .J  E.  Morse  and  E.  O. 
Selway,    of   this  city,  and    were    Hampshire    and    Shropshire 

■ 

crosses.  They  were  purchased  by  Mr.  Hample,  of  Butte,  last 
December  andwere  fed  exclusively  on  alfalfa  ha3''  for  the  last  sev- 
enty-four days,  during  which  time  they  consumed  about  six 
pounds  of  alfalfa  each  per  day.  The  sheep  were  weighed  when 
placed  on  feed  and  averaged  108  pounds  and  cost  three  cents  per 
pound.  They  were  sold  at  four  and  a  quarter  cents  per  pound, 
and  averaged  when  weighed  last  Friday,  137  pounds. 
The  feeding  may  be  summed  up  as  follows : 

Cost  of  1,600  sheep  at  $3.24 $5,840.00 

Cost  of  363  tons  hay  at  $5.00 1,815.00 

Cost  of  labor,  salt  etc 197.00 

Sundries  and  death  losses 66.20 

Total  cost $7,262.20 

Total  proceeds 9,289.29 

Net  gain 2,027.09 

Profit  per  sheep 1.27 
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FROM  THE  GALLATIN  COUNTY  REPUBLICAN. 


**The  following  are  some  of  the  facts  and. figures  gathered 
from,  a  few  of  the  farmers  who  fed  sheep  the  past  season  and 
who  have  recently  disposed  of  their  lambs  and  wethers : 

**John  M.  Robinson  fed  about  2,400  head  of  lambs  and 
wethers,  the  lambs  being  in  the  majority.  He  paid  1.75  for  the 
lambs  but  when  delivered  on  his  ranch  thej'  represented  a  cost  of 
$1.80.      The  wethers  cost  delivered  $2.80  per  head. 

**The  bunch  was  fed  90  days  on  hay.  Close  figuring  showing 
that  the  actual  cost  for  hay  at  6.00  per  ton  ,  during  the  entire 
period  of  feeding  was  75  cents.  Grain  was  fed  for  47  days  and 
represented  an  outlay  of  21  cents  per  head  for  the  total  period, 
reckoning  the  grain  at  prevailing  market  prices.  The  prices  re- 
ceived b3' Mr.  Robinson  were  $4.50  per  cwt.  for  the  lambs  and 
$3.60  for  the  wethers  on  the  home  I'anch.  The  lambs  weighed 
on  an  average  a  fraction  over  85  lbs.  and  the  wethers  146%  4bs. 
each.  The  loss  during  the  entire  feeding  season  was  about  1  per 
cent.  One  animal  was  lost  from  bloat,  a  couple  got  on  their 
backs  and  were  too  fat  to  right  themselves  and  several  died 
from  unknown  causes. 

**Charles  Miller  fed  1,400  lambs  and  paid  $1.80  per  head  for 
them,  and  fed  for  two  months,  in  addition  to  pasturing  during 
November,  the  feed  being  clover  and  oats.  Mr.  Miller  raised  for 
the  purpose  of  feeding  his  sheep  150  tons  of  clover  hay  from  40 
acres  of  land,  all  of  which  he  fed  during  the  two  months. 

*'In  addition  to  hay  he  fed  52,000  lbs.  oats.  He  figured  the 
ha^'  was  worth  on  his  ranch  about  $4.50  per  ton  and  the  oats  75 
cents  per  cwt.  The  lambs  at  the  time  they  were  sold  weighed  on 
an  average  85  lbs.  These  sheep  were  weighed  after  being  with- 
out food  or  water  for  12  hours,  and  driven  three  miles  to  scales. 
The  price  received  was  4V^  cents  per  cwt.  The  loss  was  greater 
than  Mr.  Robinson's  owing  to  the  fact,  probabl\',  that  this  is 
Mr.  Miller's  first  exeprience.  During  the  season  he  lost  30  head, 
some  from  bloat,  others  rolled  over  on  their  backs  and  could  not 
get  up,  and  some  from  unknown  causes.  The  work  of  feeding 
and  caring  for  these  sheep  was  done  by  Mr.  Miller  without  any 
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help.  In  addition  to  the  sheep  Mr.  Miller  Fed  50  head  of  steers 
on  the  ^leavings'  of  the  sheep;  these  are  in  very  good  condition 
and  with  a  little  grain  and  hay  would  make  beef  in  a  few  weeks. 
**To  show  the  net  gain  of  the  two  months  feeding  by  Mr. 
Miller,  we  present  the  following  table : 

1,400  lambs  at  $1.80 $2,500.00 

150  tons  hav  at  $4.50  per  ton 675.00 

2,000  lbs.  oats  at  75c  per  cwt 390.00 

2  months  wages  at  $50  per  month 100.00 

Cost $3,685.00 

1,400  lambs  at  4V2  cents,  85  lbs $5,355.00 

30  head  loss 114.75 

$5,240.25 
Less  Cost 3,685.00 

Net  gain $1,555.25 

'*This  does  not  allow  anything  for  the  keep  of  the  steers. 

**The  principal  thing  is  to  buy  the  right  kind  of  stock,  and 
above  all  things  do  not  buy  old  toothless  ewes.  Then  the 
feeder  should  have  good  shelter,  plenty  of  fresh  open  water  for 
the  stock  to  drink  whenever  it  please. 

**Mr.  Robinson  fed  hay  twice  a  day,  morning  and  evening, 
and  grain  at  noon.  His  hay  was  weighed  for  the  first  three  or 
four  weeks  so  that  he  might  know  just  how  much  he  was  feeding 
per  head.  Like  Mr.  Miller  he  trailed  some  cattle  to  clean  up  the 
leavings  of  the  sheep  and  with  the  addition  of  a  little  fresh  hay 
kept  them  nice  and  fat." 
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SUMMARY  AND  CONCLUSION. 


(1)  For  the  lambs,  the  screenings  proved  the  cheapest  and 
most  efficient  grain  ration,  followed  by  mixed  grain,  wheat, 
barley  and  oats  in  the  order  named. 

(2)  The  lambs  ate  2.05  pounds  of  clover  and  .81  pounds  of 
grain  a  da^^  while  the  wethers  ate  3.22  pounds  of  clover  and  .806 
pounds  of  grain. 

(3)  The  lambs  averaged  .263  pounds  gain  in  live  weight  a 
day,  or  25  pounds  for  the  full  term  of  the  experiment.  The 
wethers  averaged  .238  pounds  per  da}'  or  22.^j  pounds  for  the 
95  da  vs. 

(4)  The  lambs  ate  8.03  pounds  of  clover  and  3.11  pounds  of 

grain  for  each  pound  of  increase  in  live  weight.  The  wethers  ate 
13.49  pounds  of  clover  and  3.38  pounds  of  grain  for  each  pound 
of  increase. 

(5)  Each  pound  of  increase  in  live  weight  put  upon  the 
lambs  cost  4.49  cents  while  each  pound  of  increase  on  the  weth- 
ers cost  6.3  cents. 

(6)  Lambs  kept  without  food  or  water  for  12  hours  shrank 
nearly  2  per  cent.  Wethers  similarly  treated  shrank  3  per  cent 
in  weight. 

(7)  In  s'hipping  to  Chicago  each  lamb  shrank  IVa,  pounds  or 
7.6  per  cent.  On  the  average  for  three  years  they  shrank  8.3  per 
cent  of  their  shipping  weight.  The  wethers  lost  10.4  pounds 
each  or  7.1'  per  cent  of  their  shipping  weight,  or  for  tw^o  years, 
7.8  per  cent  of  their  shipping  weight. 

(8)  For  the  past  winter  it  cost  on  the  average  75  cents  to 
ship  and  sell  each  lamb  at  Chicago  and  $1.16  for  each  whether. 
On  the  average  for  three  years  it  cost  78%  cents  to  ship  and  sell 
one  lamb  and  $1.16V^  to  ship  and  sell  one  wether. 

(9)  The  net  prices  received  for  the  lambs  F.  O.  B.  Bozeman 
w^as  $5.57  per  100  pounds  live  weight  and  for  the  wethers  $4.78 
per  100  pounds. 

(10)  The  profit,  or  return  for  money  invested  and  pay  for  the 
labor,  on  each  lamb,  by  shipping  to  Chicago  was  $2.34  and  the 
profit  on  each  wether  was  $2.80.  Or  taking  the  results  of  the 
practical  feeder  and  charge  25  per  cent  for  the  labor  cost  of  feed- 
ing, the  return  on  the  investment  was  $2.09  for  the  lamb  and 
$2.55  for  the  wether. 

(11)  In  the  slaughter  test  the  lambs  dresvsed  o4. 8  per  cent 
and  the  wethers  dressed  51  per  cent  of  the  live  weight  at  Chicago. 
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STEER  FEEDING. 


INTRODUCTION. 


For  the  past  three  seasons  the  Montana  Experiment  Station 
has  conducted  e^cperiments  in  fattening  steers,  to  test  the  feeding 
value  of  various  kinds  of  Montana  fodders.  During  the  past  win- 
ter a  carload  of  steers  were  fed,  the  object  of  the  experiment  being 
to  determine  the  relative  value  of  different  kinds  of  grain  when  fed 
with  clover  in  fattening  steers.  The  question  is  frequenth^  asked 
as  to  the  relative  value  of  oats,  wheat,  barley,  etc.,  for  fattening 
animals  and  this  experiment  was  planned  to  throw  some  light 
on  the  subject. 

The  24  steers  used  in  the  test  were  a  mixed  lot  of  two  and 
three  year  olds,  range  stock  of  probably  average  quality.  The 
most  of  them  showed  evidences  of  some  little  Short  Horn  blood. 
The3^  arrived  on  the  farm  on  the  23rd  of  November.  On  the  28th, 
one-half  of  the  steers  which  were  not  dehorned,  were  driven  to  a 
dehorning  chute  and  the  horns  sawed  off.  The  wounds  healed 
rapidh'  and  with  no  apparent  disadvantage  to  the  steers. 
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PLAN  OF  EXPERIMENT. 


The  24  steers  were  divided  into  four  lots,  six  steers  in  each  lot. 
The  division  was  made  as  evenly  as  possible  considering  quality 
and  weight.    The  lots  were  fed  as  follows: 

Lot  1.    Wheat  and  clover  hay. 

Lot  2.    Oats  and  clover  hay. 

Lot  3.    Barlev  and  clover  hav. 

Lot  4.  Wheat,  oats  and  barley  mixed  in  equal  quantities,  by 
weight  and  clover  hay.    All  the  grain  was  chopped. 

The  experiment  started  on  December  1st.  For  the  first  ten 
days  clover  ha3''  was  fed.  We  then  started  to  feed  the  grain,  giving* 
three  pounds  per  day  to  each  lot  and  about  one  month  was  taken 
to  get  the  steers  onto  a  full  feed  of  five  pounds  of  grain  per  steer 
per  daj'.    The  hay  and  the  grain  were  fed  twice  in  the  day. 

The  steers  were  weighed  on  December  1st  and  3rd,  and  again 
on  the  10th  and  12th  of  December,  and  thereafter  every  two  weeks 
until  the  close  of  the  experiment.  The  average  of  two  days 
weights  was  taken  as  the  correct  weight. 

Water  was  flowing  through  the  yards,  thus  the  steers  had 
access  to  water  at  will.    Salt  was  also  kept  on  hand. 


COST  OF  THE  FEED. 


The  cost  of  the  grain  and  fodder  fed  was  as  follows: 

Clover  hay $5.00  per  ton 

Wheat 88c  per  100  lbs, 

Oats 85c  per  100  lbs. 

Barley 95c  per  100  lbs. 

Bran 85c  per  100  lbs. 

Mixed  Grain 89c  per  100  lbs. 

These  prices  were  practically  the  market  prices  for  the  hay  and 
grain  on  the  Bozeman  market  in  the  fall  of  1902.  The  clover  ha\- 
was  of  good  quality  and  generally  well  cured.  It  was  a  mixture 
of  medium  red  and  alsike.    The  grain  was  good  marketable  grain. 
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TABLE  I.— Weights  and  Qains  of  Steers. 


Period- 

Lot  and  How  Fed. 

Weight 

at 
begin- 
ning of 
experi- 
ment 
and  of 
each 
period. 

1 

Weight 
at  end 

of 
period  tj 

and 

of 
test. 

Gain 

for 

eacli 

period 

and 

total 

gain. 

lbs. 

Aver- 
age 

daily 
gain 
per 

steer. 

Aver- 
ago 

gain 
per 

steer 

lbs.    j   K)S. 

1 

lbs. 

1.64 
1.45 
2.40 
2.76 

2.98 
1.73 
2.87 
3.33 

1.07 

1.00 

.55 

.69 

2.19 
1.41 
1.86 
2.20 

lbs. 

First  period 

Dec.  Ist  to 

Jan.  6th. 

37  days. 

1.  Wheat  and  clover  hay 

2.  Oats  and  clover  hay 

3.  Barley  and  clover  hay 

4.  Mixed  grain  and  clover  hay 

667") 
6507 
6470 
6702 

7010 
6830 
7002 
7315 

365 
323 
512 
613 

500 
290 
478 
560 

60.84 

53.84 

88.63 

102.18 

Second  period 

Jan.  7th   to 

Feb.  3rd. 

28  days. 

1.  W^heat  and  clover  hay 

2.  Oats  and  clover  hay 

3.  Barley  and  clover  hay 

4.  Mixed  grain  and  clover  hay 

7040 

6830 
7002 
7315 

7540 
7120 
7480 
7875 

83.34 
48.34 
79.67 
93.34 

Third  period 

Feb.  4th  to 

Feb.  24th. 

21  dftys. 

1.  Wheat  and  clover  hay 

2.  Oats  and  clover  hay 

3.  Barley  and  clover  hay 

4.  Mixed  grain  and  clover  hay 

7510 
7120 
7480 
7875 

7(>85  '     145 
7245       125 
7550  '      70 
7962         87 

24.17 
20.83 
11.67 
14.50 

Two  periods 

from    Jan.    7th 

to  Feb.  24th. 

49  days. 

1.  Wheat  and  clover  hay 

2.  Oats  and  clover  hay 

3.  Barley  and  clover  hay 

4.  Mixed  grain  and  clover  hay 

7040  '  7685 
6830  ,  7245 
7002  1  7550 
7315  :  7y62 

6675     7685 
6507  '  7245 
6470     7550 
6702     7962 

7685  .  8075 
7245  !  7635 
7550  :  7960 
7962  1  8387 

645 
415 
548 
647 

1010 

7:^ 

1080 
1260 

390 
390 
410 
525 

1400 
1128 
1490 
1685 

5703 

■   •   ■  • 

1«»7.50 
69.17 
91.34 

107.84 

Three  periods 

from  Dec.  1st 

to  Feb.  24th. 

86  days. 

1.  Wheat  and  clover  hay 

2.  Oats  and  clover  hay 

3.  Barley  and  clover  hay 

4.  Mixed  grain  and  clover  hay 

1.  Mixed  grain  and  clover  hay 

2.  Mixed  grain  and  clover  hay 

3.  Mixed  grain  and  clover  hay 

4.  Mixed  grain  and  clover  hay 

1.96 
1.43 
2.09 
2.44 

168.34 
123.00 
180.00 
210.00 

Fourth    period 

Feb.  25th  to 

March  21st. 

25  days. 

2.60 
2.60 
2.73 
3.50 

2.10 
1.69 
2.34 
2.53 

65.00 
65.00 
68.34 

87.50 

Whole  time 

Dec.  1st  to 

March  21st, 

111  days. 

1.  Wheat  and  clover  hay 

2.  Oats  and  clover  hay 

3.  Barley  and  clover  hay 

4.  Mixed  grain  and  clover  hay 

6675 
8507 
6470 
6702 

8()75 
7635 
7960 
83s7 

•2a3.35 

188.00 
218.36 
280.83 

Average  for  24  steers 

26354  , 

32057 

i:«(> 

•  •  •  ■ 

Average  per  steer 

1097 

2.15 

239.00 
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DISCUSSION  OF  RESULTS. 


Tables  1  and  2  give  the  facts  gleaned  during  the  feeding  test. 
The  whole  time  of  the  feeding  test  is  divided  into  periods  so  as  to 
note  any  change  in  the  weight  or  gain  during  the  time  of  feeding. 
The  first  period  of  37  days  was  really  preliminary.    For  ten  days  of 
this  time  the  steers  received  hay  only,   and  the  rest  of  the  jieried 
was  taken  in  getting  the  steers  up  to  a  full  grain  ration.    None  of 
the  steers  apparenth%  had  ever  seen  grain  before  and  it  took  a  lit- 
tle coaxing  to  get  some  of  them   to  eat  it.     We  first  started  b^" 
mixing  a  little  salt  with  bran,  and  later  cut  down  the  hay  ration 
for  a  day  or  two.    Fijially  all  started  to  eat  the  grain  except  one 
steer  in  lot  3.    This  animal  never  ate  any  grain  during  the  time  of 
the  test.    His  ration  was  eaten  by  the  others. 

The  test  period  proper  was  for  the  next  49  days,  but  this  is 
also  divided  into  two  periods,  as  it  was  noted  that  in  the  latter 
part  of  the  period  the  steers  seemed  to  be  getting  tired  of  the  grain. 
Because  of  this  fact  the  test  proper  was  concluded  after  the  steers 
were  on  feed  86  days,  but  the  steers  not  being  ready  for  market,, 
all  the  lots  were  fed  for  25  days  longer,  on  a  mixed  grain  ration 
with  bran.  The  tables  afford  opportunity  for  several  comparisons 
during  the  feeding  season. 


THE  GAINS  MADE. 


For  the  first  period  of  37  days,  lot  4  gained  the  most,  viz.:  2.7 
lbs.  per  day  per  steer,  with  lot  3  in  second  place,  gaining  2.4  pounds 
per  day.  Lots  1  and  2  gained  nearly  1  pound  less  per  day  per 
steer.  For  the  first  part  of  the  test  period,  viz.:  28  days,  lot  4 
gained  3.33  pounds  per  steer  per  day.  This  lot  averaged  3  pounds, 
per  day  for  the  65  days  feeding  to  this  date.  Lot  1  fed  wheat 
jumps  to  second  place  with  a  gain  of  2.98  or  nearly  3  pounds  per 
steer  per  da3'.  Lot  3  fed  barley,  is  a  close  third  wath  the  lot  fed 
oats  very  much  behind. 


K[G,  !     THE  BEST  STKKR  IN  THE  CAR  LOAD 


1,  THE  SHEDS  AND  THE  FEEDING  CORRAL 


K  OK  KKKDENG  S 
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All  of  the  lots  fell  off  during  the  third  period,  or  second  part 
of  the  test  period.  The  lots  that  made  the  best  average  gain  dur- 
ing the  first  65  days  of  feeding  made  the  poorest  gains  for  this^ 
period. 

Considering  the  test  period  proper  of  49  days;  the  steers  fed 
on  the  mixed  grain  ration  made  the  fastest  gain,  viz.  2.2  pounds 
per  day  per  steer.  The  lot  fed  wheat  is  a  very  close  second,  gain- 
ing 2.19  pounds  per  daj'  per  steer,  while  those  fed  barley  gained 
1.86  pounds  per  day  per  steer,  and  those  fed  the  oat  ration  only 
1.41  pounds  per  steer  per  day,  or  the  poorest  returns  of  any  ration. 

Considering  next  the  whole  time  of  feeding  of  86  days,  the 
mixed  grain  ration  produced  the  fastest  gain  with  barley  second,  fol- 
lowed by  wheat,  while  the  oats  ration  produced  the  slowest  gain. 

For  the  fourth  period  of  25  days,  after  the  change  of  the  grain 
mtion,  the  most  rapid  gains  of  the  test  were  made.  J,ot  4  gained 
3.5  pounds  per  steer  per  da3',  lot  3  gained  2.7  pounds  per  steer  per 
day,  and  lots  1  and  2,  2.6  pounds  per  steer  per  day. 

For  the  111  days  of  the  feeding  season,  lot  4  gained  2.5  pounds 
per  steer  per  day,  a  very  satisfactory  gain  considering  the  length 
of  the  feeding  period,  lot  3  gained  2.3  pounds  per  steer  per  day, 
lot  1  gained  2-1  pounds  and  lot  2  gained  1.7  pounds  per  steer 
per  day. 

On  the  average  each  steer  gained  239  pounds  in  live  weight, 
increasing  from  1097  pounds  to  1336  pounds  each  or  2;15  pounds 
per  day. 

FOOD  EATEN  PER  DAY  AND  PER  ONE  POUND  GAIN. 


Table  2  gives  the  amount  of  food  eaten,  the  food  eaten  per 
day,  the  food  eaten  for  each  pound  of  gain  and  the  cost  of  the 
food.  As  with  the  weights,  this  table  is  divided  into  periods  to 
show  the  results  at  different  stages  of  the  feeding. 

The  clover  eaten  per  day  for  the  first,  or  preliminary  period, 

was  24.5  pounds  per  day  per  steer.    For  the  first  period   on  full 

feed  the  amount  of  clover  eaten  per  da3'  was  22  pounds,  for  the 
next  period  about  29  pounds  per  da}'.    Evidently  the  slower  gains 

for  this  period  were  not  due  to  any  decsease  in  the  hay  eaten.  Dur- 
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ing  the  fourth  period  30.3  pounds  of  clover  were  eaten  per  day  per 
•steer  and  for  the  whole  feeding  test  the  average  was  27.5  pounds 
of  clover  per  day. 

As  the  total  amount  of  feed  eaten  by  the  various  lots  is  practi- 
♦calh''  the  same,  the  amount  of  food  for  each  pound  of  gain  is  in  in- 
verse relation  to  the  gains  made  throughout  all  the  periods. 

For  the  test  period  of  49  days,  lot  1  fed  on  wheat  and  clover 
and  lot  4  fed  on  mixed  grain  and  clover  required  practicallj  the 
same  amount  of  food  for  each  pound  of  gain,  viz:  15  06  pounds. 
The  lot  fed  barley  required  17.78  pounds  of  food  for  one  pound  of 
gain  and  the  lot  fed  oats  required  23.74  pounds,  the  least  efficient 
ration. 

Considering  the  whole  time  of  the  experiment,  or  111  days,  lot 
4  required  the  least  food  for  each  period  of  gain,  viz:12.5  pounds. 
Lot  3  required  14.13  pounds.  Lot  1  required  14.95  pounds  and 
lot  2  required  18.72  pounds  of  food  for  each  pound  of  gain  in  live 
weight. 

COST  OF  THE  FOOD  EATEN. 


Considering  next  the  cost  of  the  rations:  For  the  first  period 
the  daily  cost  was  about  8c  per  day.  For  the  test  period  of  49 
days  the  cost  was  between  lie  and  12c  per  da^'.  The  barley  ration 
being  the  most  expensive,  followed  b3^  mixed  grain,  oats  and  wheat 
in  the  order  named.  For  the  whole  time  of  feeding  the  average 
cost  w'as  10.5c  per  day. 

In  this  connection  the  cost  of  one  pound  of  gain  is  the  im- 
portant factor.  For  the  preliminary  period  the  cost  ranged  from 
3  to  5*4  cents  for  each  pound  of  gain.  For  the  test  period  of  49 
da3"s,  the  cost  of  1  pound  of  gain  ranged  from  5c  to  8c.  Lot  1, 
fed  wheat,  made  the  cheapest  gain,  viz:  5c  per  pound.  The  gain  on 
lot  4,  fed  mixed  grain,  cost  5.22  cents  per  pound.  F'or  lot  3,  fed 
barley,  the  cost  was  6.32  cents  per  pound,  and  for  lot  2,  fed  oats, 
the  cost  was  8  cents  for  each  pound  of  gain. 

Considering  the  whole  time  of  feeding,  or  111  days,  each 
pound  of  gain  cost  on  the  average,  5.2  cents,  The  range  was  from 
4.2  cents  for  lot  4,  to  6.1  cents  for  lot  2. 


STEER  FEEDING. 
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THE  FINANCIAL  RESULTS. 


The  steers  were  purchased  for  us  by  Mr.  Joseph  Kountz  of 
Bozeman.    Twenty-one  of  them  cost  $40.00  each  or  $840.00  and 
three  cost  $41.00  each  or  $123.00,  a  total  for  the  24  of  $963.00. 
The  following  table  gives  the  financial  results  of  the  feeding: 


TABLE  111.— Financial  Statement. 


dumber  of  steers 

Weight  at  beginning 

<a)  Cost  of  steers  at  3.652g  per   S) . . 

Cost  of  food  per  lot 

Cost  of  food  per  steer 

Total  cost  of  steers 

Weight  at  close  of  experimeut .... 

Net  gain  in  pounds 

Shrank  weight  of  steers 

Per  cent  shrink  on  full  weight 

Keceived  for  steers  ^   4c  a  pound 

shrunk  weight 

Received  per  head  for  each  steer . . . 

Profit  or  loss  on  feed 

Profit  or  loss  on  each  steer 


LOT   1. 

Fed 
clover 

and 
Wheat. 

__  _._ 

6675  lbs 

$  243.77 

68.82 

11.47 

312.59 

8075  S)S 

1400  lbs 

78001bs 

3.4 

I  312.00 
50.33 
*0.57 


LOT    2. 

Fed 

clover 

and 

Oats 


LOT   3. 

Fed 
clover 

and 
Barley. 


6 

6507 lbs 

$  237.64 

69.13 

11.52 

306.77 

7635 Bbs 

1128  lt)S 

7370  lbs 

3.47 


LOT  4. 

Fed 
clover 

and 
Mixed 
Grain. 


Averaffo 

and 
Totals 


I  294.80 
49.13 
♦11.97 
♦0.10.   *1.99 


6 

6470  lbs 

I  236.28 

71.72 

11.95 

308.00 

7960  lbs 

14901bs 

7685  lbs 

3.45 

$  307.40 
51.23 
♦0.60 
♦0.10 


6 

6702  lbs 

$  244.85 

70.00 

11.66 

314.85 

8387  lbs 

1685  R)S 

8050  lbs 


4.25 

$  322.00 
53.66 
t7.15 
tl.l9 


24 

26354  lbs 

$  963.00 

279.67 

11.65 

1242.67 

32057  lbs 

5703  lbs 

30907  lbs 

3.58 

$1236.28 
51.00 
*6.39 
♦0.26 


(a)    Note :    The  steers  cost  as  stated  above  $40  and  $41  each,  but  to  place  each  lot  on  an  equal 
basis,  the  lots  are  figured  on  the  calculated  price  per  pound. 
•  Loss. 
t  Profit. 
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The  steers  cost  on  the  average  $3.65  per  100  pounds  live 
weight.  The  cost  of  the  food  for  each  lot  ranged  from  $68.82  for 
lot  1  to  $71.72  for  lot  3.  The  difference  in  this  item  is  but  slight 
for  all  the  lots.  The  cost  of  the  food  for  each  steer  for  111  days 
ranged  from  $11.47  to  $11.95.  Lot  1  cost  the  least  and  lot  3  the 
most.    The  average  cost  for  the  24  head  was  $11.65  each. 

After  being  kept  without  food  or  water  for  12  hours,  thesteers 
shrank  from  3.4  per  cent  to  4.25  per  cent  of  their  full  weight.  The 
average  for  the  24  head  was  3.58  per  cent.  This  is  slightly  less 
than  the  shrink  usually  estimated  in  buying,  viz:  4  per  cent.  The 
returns  per  head  for  the  steers  ranged  from  $49.13  each  for  the 
steers  in  lot  2  to  $53.66  for  the  steers  in  lot  4. 

Lot  4,  the  steers  fed  the  mixed  grain  ration,  returned  a  profit 
of  $1.19  per  steer  after  paying  for  the  feed;  the  only  lot  that  re- 
turned any  profit.  On  lot  2,  fed  the  ration  of  oats  with  clover, 
the  loss  was  about  $2.00  on  each  steer,  on  lots  1  and  3  the  loss 
was  10c  for  each  steer.  From  a  financial  point  of  view  this  looks 
like  rather  a  poor  showing,  yet  the  experiment  is  none  the  less  val- 
uable because  of  that  fact.  It  will  perhaps,  better  enforce  the  les- 
son that,  as  a  rule,  in  finishing  steers  for  market  there  has  to  be  a 
wider  margin  of  profit  between  the  buying  and  selling  price  than 
was  the  case  in  this  instance  with  Montana  prices  for  fodders. 
These  steers  were  bought,  on  a  shrunk  weight,  at  about  3.8  cents 
per  pound  and  sold  for  4  cents  per  pound,  shrunk  live  weight.  For 
profit  the  margin  between  the  buying  and  selling  price  should  be 
from  %c  to  Ic  per  pound. 

There  is  yet  another  compensating  point  to  consider.  The  re- 
sults came  very  close  to  pa\'ing  market  prices  for  the  hay  and 
grain  fed,  and  if  through  his  stock  the  farmer  can  get  market 
prices  for  his  crop  on  his  farm,  both  the  farm  and  the  farmer  are 
better  off  for  having  them  so  sold.  At  market  prices  he  has  the 
profits  on  his  summer's  harvest,  while  the  manure  adds  much  to 
the  fertility  of  the  land. 
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WHERE  THE  PROFITS  COME  FROM. 


Briefly  put,  the  profit  in  the  fattening  of  this  class  of  steers  is 
in  the  difference  in  the  buying  and  selling  price  of  the  original 
weight  of  the  steer  and  not  in  any  profit  on  the  increase  in  live  weight 
made  during  the  feeding  period.  This  is  illustrated  in  the  folio  wing 
figures,  giving  the  cost  of  the  gains  made  for  the  past  three  3'ears 
in  feeding  experiments  at  this  station. 

Cost  of  100  Pounds  of  Gain. 


Lot  1 . . . 
Lot  2... 
Lots... 
Lot  4 . . . 

Average 


1903 


go. 90 
^.13 
^.81 
M.n 


55. 2G 


These  figues  are  comparable  only  in  a  general  way,  as  the 
steers  differed  in  weight  and  quality.  They  show  in  ever3'  case, 
however,  that  each  100  pounds  of  increase  in  live  wetight cost  close 
to  $5.00  on  the  average,  a  little  above  or  below  that  figure.  At 
average  prices,  therefore,  there  can  be  no  profit  on  this  increase  in 
live  weight;  it  must  come  from  the  increase  in  value  of  the  original 
weight  of  the  animal. 
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ILLUSTRATIONS. 


Figure  1  represents  a  type  of  undesirable  steer,  long  legged, 
slab-sided,  wild  and  restless.  Only  on  the  range  could  there  be  anj'^ 
profit  in  growing  such  an  animal.  The  profit  in  fattening  him 
would  depend  on  the  price  at  which  he  was  purchased. 

Figure  2  shows  a  coarse  rough  steer  that  might  gain  in  live 
weight  rapidly  enough,  but,  however  well  fatted,  would  never  sell 
at,  or  near,  the  top  of  the  market. 

Figure  3  represents  the  best  feeding  type  of  steer  among  the 
car  load;  a  two  year\>ld  with  some  width  and  depth  of  body,  a 
good  back  and  loin  and  good  feeding  quality. 

Figure  4  shows  the  steers,  and  the  sheds  and  yards  in  which 
they  were  fed.  The  sheds  and  yards  were  kept  well  bedded  and  it 
was  noticed  that  the  steers  sought  the  shelter  of  the  sheds  nearly 
every  night. 


SUMMARY  AND  CONCLUSION. 


(1)  No  one  feeding  experiment  can  definitely  mswer  the  ques- 
tions it  aims  to  solve.  The  work  must  be  repeated  for  some  years 
and  under  a  variety  of  conditions.  The  results  here  given  are 
tentative  and  must  wait  future  confirmation. 

(2)  According  to  this  test  a  mixed  grain  ration  proved  super- 
ior to  any  one  variety  of  grain.  If  the  feeding  efficiency  as  to  rate 
of  gain  for  mixed  grain  was  placed  at  100,  then  wheat  equals  99.5 
oats  84  and  barley  equals  84.5. 

(3)  From  the  standpoint  of  the  food  eaten  for  100  pounds  of 
gain  in  live  weight,  the  wheat  ration  is  very  slightly  better  than 
the  mixed  grain,  with  oats  andbarley  the  same  as  on  the  basis  of 
rate  of  gain. 

(4)  For  the  test  period  the  wheat  was  also  the  cheapest  ra- 
tion, one  pound  of  gain  costing  5 cetits  on  this  ration,  while  the  cost 
on  the  mixed  grain  ration  was  5.2  cents,  on  the  barley  ration  the 
cost  was  6.3  cents  and  on  the  oats  ration  8  cents  per  pound  of  gain. 
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(5)  It  was  noticed  that  the  cattle  tired  of  the  wheat  after  a 
couple  of  months  feeding  and  a  change  was.necessar}'  to  get  the 
cattle  to  continue  to  eat  grain.  This  was  true  of  all  the  grains  fed 
but  not  to  the  same  extent  as  with  the  wheat. 

(6)  After  a  gradual  change  of  the  rations  to  mixed  grain  with 
bran  the  cattle  ate  the  mixture  with  relish  and  made  the  most 
rapid  gains  of  the  winter. 

(7)  The  experiments  made  at  the  Station  for  the  past  three 
years  seem  to  show  that  on  the  average  the  profit  to  be  made  in 
fattening  two  to  three  year  old  steers,  with  Montana  prices  for 
feeding  stuffs,  must  come  from  an  increase  in  the  value  of  the  pur- 
chased weight  of  the  steer. 

(8)  This  fact,  however,  does  not  make  less  important  the 
study  of  the  relative  values  of  feeding  rations.  In  this  test  the 
difference  in  returns  between  the  best  and  the  poorest  ration  was 
$3.52  per  steer,  by  no  means  an  unimportant  item  in  feeding  a 
bunch  of  steers.  For  instance,  lot  4  gained  in  live  weight  281 
pounds  worth  at  4  cents  per  pound,  $11.24,  while  lot  2  gained 
only  188  pounds  worth  at  4  cents  per  pound  $7.52,  or  a  difference 
of  $3.72:  but  lot  2  cost  20  cents  less  to  feed  so  that  the  net  differ- 
ence was  $3.52.  On  a  hundred  steers  this  would  mean  $352.00  as 
the  difference  in  returns  from  feeding  the  two  rations. 


A\3t^ 


BUXJLETIN  No.  49, 


3^4 


MONTANA  AQRICULTI 


^. 


v?> 


y 


V  ^^> 


yy 


«Cv 


'4' 


/. 


./J 


Cv 


Experiment  Stattbn, 


■OF  THE- 


A^^ricultural  Colle^^e   of  Montana* 


Contagious  Abortion  in  Montana 


Bozeman,  Montana,  October,  1903. 


BOZEMAN  REPUBLICAN-1903 


«     '■ 


MONTANA  AGRICULTURAL 

Kxperiment   Station. 

BOZEflAN,        -        MONTANA. 

STATE  BOARD  OF  EDUCATION. 

Joseph  K.  Toole,  Governor,  ^ 

James  Donovan,  Attorney-Generai.,  [  Ex -Officio Helena. 

W.  W.  Welch,  Supt.  of  Public  Instruction,     ) 

J.  M.  Evans, .'Missoula. 

C  R.  Leonard Butte. 

N.  W.  McCoNNELL ■ : Helena. 

W.  M.  Johnston Billings. 

O.  P.   ChISHOLM, BOZEMAN. 

J.  G.  McKay, Hamilton. 

G.  T.  Paul, j Dillon. 

N.  B.  HoLTER Helena. 

EXECUTIVE  BOARD. 

Walter  S.  Hartman,  President Bozeman. 

Peter  Koch,  Secretary, Bozeman. 

Joseph  Kountz, Bozeman. 

E.  B.  Lamme, Bozeman. 

John  Maxey Bozeman 

STATION   STAFF. 

♦Samuei.  Fortier,  Ma.  E., Director  and  Irrigation  Engineer. 

F.  B.  Linpield,  B.  S.  a, Vice- Director  and  Agricuxtubist. 

F.  W.  Traphagen,  Ph.  D.,  F.  C.  S., Chemist. 

J.  W.  Blankinship,  Ph.  D Botanist. 

R.  A.  CooLEY,  B.  So Entomologist. 

R.  W.  Fisher,  B.  S., Assistant  Hobtioulturist 

Edmund  Burke , Assistant  Chemist. 

W.  J.  Elliott, Assistant  Dairyman 

♦Absent  on  leave. 

Postoffice,  Express  and  Freight  Station,  Bozeman. 


All  communications  for  the  Experiment  Station  should  be  addressed  to  the 
Director. 

MONTANA  EXPERIMENT  STATION, 

Bozeman,  Montana. 


Notice.— The  Bulletins  of  the  Station  will  be  mailed  free  to  any  citizeo  of 
Montana  who  sends  his  name  and  address  to  the  Station  for  that  purpaee. 


1 


Conta£^ious  Abortion  in  Montana, 


BY  H.  C.  GARDINER. 


CONTENrS. 


Page 
Introduction 168 

Deflfnition  and  Kinds  of  Abortion 170 

Symptoms 171 

Immunity 171 

Means  of  Transmission 172 

Treatment   173 

So-called  Remedies 175 

Disinfectants 175 

Conclusion 176 


Montana  Experiment  Station. 


BULLETIN  NO.  49.         ,  .  -  OCTOBER,  I903' 

t 

Conta£^ious  Abortion  in  Montana* 

BY  H.  C.  GARDINER. 


Introduction. 


Contagious  abortion  as  a  disease  is  considered  of  significance 
almost  equal  to  tuberculosis,  and  is  prevalent  both  in  Europe  and 
America.  As  a  result  of  its  widespread  distribution  and  serious  nature 
it  has  been  carefully  investigated  on  both  continents,  and  particularly 
in  Scotland,  Denmark  and  France,  where  very  serious  losses  have  been 
experienced.  In  affected  districts  in  Europe  the  losses  run  from 
twenty  to  sixty  per  cent  and  the  average  for  all  herds  is  five  per  cent. 
In  an  epidemic  in  the  Mississippi  valley  in  1889  the  losses  reached 
seventy-five  per  cent.  Under  such  conditions  breeding  has  to  be 
entirely  abandoned. 

The  work  of  the  Scottish  Abortion  Committee,  and  particularly 
the  work  of  Professor  Bang,  the  Danish  veterinarian,  and  of  Professor 
Nocard,  of  France,  has  been  of  the  greatest  importance.  Professor 
Bang  succeeded  in  isolating  the  germ  which  causes  contagious  abor- 
tion and  it  is  upon  the  treatment  recommended  by  him  that  the  dis- 
ease has  been  suc<^essfully  combated. 

The  attention  of  the  writer  was  called  to  the  existence  of  contag- 
ious abortion  in  Montana  by  an  inquiry  made  at  tha  Experiment  Sta- 
tion by  Mr.  James  White,  of  Bozeman,  who  was  having  trouble  from 
this  cause.  On  investigating  this  case  it  was  found  that  for  several 
years  losses  had  occurred  in  the  immediate  neighborhood  of  Mr. 
White's  ranch,  ranging  as  high  as  seventy  per  cent.  The  disease  in 
this  instance  had  been  gradually  spreading  in  that  locality  from  herd 
to  herd  and  this  spring  the  first  season  it  affected  Mr.  White's  herd 
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his  loss  was  about  thirty  per  cent.  In  order  to  determine  to  what 
extent  this  disease  prevailed  in  the  surrounding  country  about  one 
hundred  letters  were  sent  to  stockmen  in  Gallatin  and  Madison  valleys 
briefly  describing  the  disease  and  requesting  replies  to  the  following 
questions: 

1.  How  many  of  your  cows  aborted  this  year? 

2.  How  many  of  your  cows  aborted  last  year? 

3.  How  many  cows  have  you  in  your  herd  ? 

4.  Have  you  heard  of  anyone  in  your  locality  having  trouble?^ 
Please  give  name  and  address. 

5.  What  was  the  extent  of  their  losses? 

From  one  hundred  and  five  letters  of  inquiry  seventy-seven  replies 
were  received,  and  of  the  seventy-seven,  thirty-eight  were  from  parties 
having  trouble;  the  losses  ranging  from  ten  to  eighty  percent.  In 
getting  these  figures  losses  which  were  small  and  in  all  probability  due 
to  accident  were  not  included,  only  those  being  considered  which  gave 
evidence  of  being  the  result  of  contagious  abortion.  In  one  instance 
a  case  came  to  our  notice  in  which  there  had  been  a  total  loss  extend- 
over  a  period  of  three  years. 

We  have  also  found  that  abortion  is  causing  loss  in  various  parts 
of  the  state.  In  Teton  county  the  disease,  as  one  stockman  expressed 
it  in  writing  us,  "is  giving  serious  trouble."  Losses  are  also  reported 
from  Chouteau,  Valley,  Cascade,  Fergus  and  Powell  counties  and  along 
the  Yellowstone. 

From  the  apparent  general  distribution  of  the  disease,  its  wide- 
spread prevalence  in  the  locality  investigated  and  its  contagious  nature, 
it  certainly  demands  the  prompt  attention  of  the  stockmen  of  Montana 
if  further  serious  losses  are  to  be  avoided.  So  serious  has  it  become 
in  portions  of  Gallatin  Valley  that  we  have  heard  on  reliable  authority 
that  some  stockmen  have  contemjDlated  abandoning  cattle  raising  for  a 
time  until  they  were  satisfied  they  could  avoid  the  disease;  and  for  the 
present,  at  least,  contemplate  reducing  their  herds.  A  disease  which 
menaces  the  stock  raising  industry  of  the  state  is  a  danger  which  men- 
aces the  welfare  of  the  whole  community  and  we  feel  that  every  effort 
should  be  made  on  the  part  of  the  stock  associations,  the  agricultural 


170  MONTANA  EXPERIMENT  STATION. 

press,  and  the  stockmen  individually  to  stamp  out  this  disease.  That 
such  efforts  are  successful  are  shown  by  the  fact  that  in  some  eastern 
states  where  the  disease  was  very  prevalent  ten  to  fifteen  years  af(o  it 
has  been  entirely  eradicated  and  sections  which  had  a  yea|*ly  loss  of 
from  twenty-five  to  forty  per  cent  are  now  free  from  the  disease. 

DeAnition  ajid  Kinds  of  Abortion. 

Synonyms:  Contagious  abortion,  infectious  abortion,  enzootic 
abortion,  epizootic  abortion. 

Abortion,  or  as  it  is  popularly  called,  ''slinking^  slipping,  casting, 
or  losing"  the  calf  implies  premature  birth  of  the  foetus  (unborn  calf); 
a  separation  of  the  fcetus  from  the  uterus  (womb)  and  membranes  be- 
fore full  term.  Strictly  speaking,  a  parturition  in  which  the  offspring 
is  mature  enough  to  live  is  called  a  premature  parturition  or  prema- 
ture delivery  and  one  in  which  the  offspring  is  not  developed  enough 
to  live  a  separate  existence  is  called  an  abortion.  We  will  term  all 
premature  births  abortions  in  this  Bulletin. 

There  are  two  forms  of  abortion  dependent  upon  the  cause.  The 
one  accidental  or  sporadic  abortion  and  the  other  contagious  or  enzoo- 
tic abortion  caused  by  a  germ.  Under  some  circumstances  both 
causes  may  bring  about  abortion. 

The  causes  of  accidental  or  sporadic  abortion  may  be  enumerated 
briefly  as:  mechanical  injuries,  such  as  slipping,  falling,  being  hooked, 
jammed,  kicked,  etc. ;  the  diseased  condition  of  the  dam,  insufficient 
or  innutritious  forage,  early  breeding,  in  and  in  breeding,  purging  as 
the  result  of  the  administration  of  drugs  or  the  ingestion  of  poisonous 
plants,  from  musty  or  easily  fermentable  fodder,  from  ergotized  grasses 
or  grain,*  from  shock  resulting  from  storms  and  exposure,  from  prema- 
ture death  of   the  foetus  owing   to  twisting  of   the  umbili2al  cord,  and 

*  While  visiting  in  Beaverhead  county  recently,  the  writer  olwerved  a  very  large  amount  of 
native  rye  grass  that  was  very  badly  affected  with  ergot,  the  heads  of  rye  in  many  cases  beioflr 
almost  black  with  the  long  spikes  of  ergot  protruding  from  the  chaff  on  the  bead.  While,  with 
the  other  feed  available,  the  stock  would  probably  not  eat  these  dry  stalks  of  rye  grass,  yet  if 
feed  was  scarce,  they  might  eat  considerable  of  it. 

Upon  inquiry  it  was  found  that  in  some  seasons  the  stock  running  in  this  field  were  troubled 
more  or  less  with  abortion,  but  the  owner  had  not  recognized  or  thought  of  the  ergot  as  a  cause. 
Later,  ergotized  rye  was  noticed  in  other  parts  of  the  state  and  it  was  thought,  therefore,  not 
amiss  to  call  attention  to  this  danger.  F.  B.  Lintold,  Dir. 
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from  the  odor  of  decomposed  animal  matter  or  any  other  source  whi^h 
greatly  excites  or  irritates. 

The  primary  cause  of  contagious  abortion  is  a  germ  which  Profes- 
sor Bang  isolated  in  1896  and  with  which  he  experimentally  inoculated 
cattle  and  in  nearly  every  case  produced  an  abortion.  In  these  exper- 
iments he  chose  animals  from  herds  which  were  known  to  be  free  from 
the  disease,  and  he  found  the  germ  in  those  aborting  animals  he  inoc- 
ulated and  in  the  foetuses. 

The  germs  which  produce  abortion  are  found  between  the  attach- 
ments of  the  afterbirth  and  the  womb^  and  here  they  develop  and  bring 
about  a  catarrh  of  the  uterus  and  also  an  inflammation  of  the  after- 
birth, at  the  same  time  depositing  a  secretion  between  these  tissues 
which  gradually  forces  them  apart  and  as  a  result  destroys  the  circu- 
lation in  the  membranes  surrounding  the  calf  and  cuts  off  its  supply 
of  nourishment.  In  the  experimental  inoculation  a  period  of  ten 
weeks  was  found  necessary  before  abortion  was  produced. 

Symptoms* 

Owing  to  the  diseased  conditions  of  the  mucous  membrane  con- 
tagious abortion  sometimes  takes  the  form  of  temporary  sterility,  the 
animal  coming  iu  "heat"  but  failing  to  conceive.  If  conception  takes 
place  the  abortion  usually  occurs  after  the  foetus  has  attained  a  con- 
siderable development,  usually  occurring  from  the  third  to  the  seventh 
month.  Occasionally  the  early  symptoms  pass  unnoticed,  but  in  most 
instances  there  will  be  some  heat  and  an  enlargement  of  the  udder 
and  a  discharge  from  the  vulva  of  a  white  or  yellow  mucous  which  is 
very  unlike  the  normal  transx^arent  mucous  which  discharges  during 
heat.  After  abortion  the  membranes  are  usually  retained  and  in  some 
cases  a  putrid  discharge  continues  for  some  time.  The  afterbirths  in 
such  cases  should  be  carefully  removed,  the  animal  disinfected  and 
not  bred  again  until  in  a  healthy  condition. 

Immt&Aitx* 

Abortion,  like  many  other  germ  diseases,  confers  immunity  after 
attack,  and  in  this  case  cattle  usually  acquire  an  immunity  after  from 
one  to  five  attacks.     In   general  it  is  probable  that   the  average  cow 
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becomes  immune  after  from  one  to  three  attacks.  This  immunity,^ 
however,  does  not  prevent  the  animal  from  transmitting  the  disease  to 
the  remainder  of  the  herd  and  she  may  still  be  a  source  of  danger  to 
the  bull  and  to  the  cows  she  may  come  in  contact  with,  Herds  too, 
occasionally  become  free  from  the  disease  after  a  comparatively  severe 
attack  and  cases  are  recorded  where  after  a  severe  attack  the  diseade 
has  wholly  disappeared.  In  some  instances  it  breaks  out  again  and 
unless  propel"  means  are  taken  to  prevent  re-infection  and  to  stamp  it 
out  there  is  always  the  uncertainty  of  a  future  attack  and  in  most  in- 
stances a  more  or  less  severe  continuation  of  the  trouble  as  new  ani- 
mals are  added  and  as  the  heifers  are  bred.  In  some  years  the  disease 
is  much  more  severe  than  others  depending  probably  upon  climatic 
conditions  or  other  conditions  favorable  to  the  development  or  preser- 
vation of  the  germs. 

Means  of  TransmissioA. 

Any  means  which  will  transfer  the  germs  from  the  genital  parts 
of  one  animal  to  another  is  a  method  of  transmission.  The  primary 
source  of  infection  it  is  generally  conceded  by  all  investigators  and 
veterinarians  is  from  the  bull.  Bred  to  an  infectt^d  animal  the  bull  be- 
comes infected  and  in  a  most  perfect  manner  infects  the  remainder  of 
the  animals  to  which  he  is  bred,  We  have  noted  three  cases  in  parti- 
cular in  which  the  bull  has  been  responsible  for  the  infection  of  a 
herd.  In  two  instances  the  bull  was  purchased  from  a  herd  which 
was  infected  anil  taken  to  a  herd  which  had  previously  been 
entirely  free  from  the  disease,  the  result  was  that  the  next  season 
hoih  hertls,  previously  uninfected,  were  aborting  badly.  Another 
instance  in  which  a  neighbor's  bull  from  an  aborting  herd 
broke  through  a  fence  into  a  pasture  with  a  herd  that  had  previously 
been  uniufected  and  the  result  was  that  fifty  per  cent  of  the  previously 
uninfected  herd  aborted  that  year.  Many  similar  cases  are  recorded 
by  investigators  in  Europe. 

Another  source  and  probably  one  of  minor  importance  in  Mon- 
tana is  the  infection  which  comes  from  animals  coming  in  contact  with 
walls,  litter,  etc.  in  stables,  which  have  previously  been  infected  by 
coming  in  contact  with   the  mucous  or  catarrhal  discharge  from  in- 
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fected  animals.  Still  another  source  of  infection  and  probably  the  one 
second  in  importance  comes  from  the  habit  which  cattle  have  of 
smelling  and  rubbing  their  noses  on  each  other  and  transferring  the 
the  bacteria  by  this  means  aud  further  by  cattle  jumpiag  each  other 
when  in  "heat." 

Treatment. 

The  treatment  advised  for  contagious  abortion  is  wholly  one  of 
disinfection,  and  since  the  ge»*ms  causing  this  disease  is  localized  on 
the  genital  organs  it  is  a  comparatively  easy  matter  to  jSght  them. 
Where  cattle  are  stabled  and  are  aborting  the  stables  must  be  thor- 
oughly disinfected  and  the  aborting  ones  separated  from  the  healthly 
stock.  This  condition,  however,  will  apply  to  ^ew  herds  in  Montana, 
but  it  is  worthy  of  mention  since  the  chances  of  infection  are  greater 
with  stabled  stock  and  the  disease  resultingly  harder  to  fight.  In 
treating  an  aborting  herd  the  first  precaution  to  observe  is  to  imme- 
diately burn  or  bury  deeply  the  aborted  calf  and  afterbirth  and  isolate 
the  cow  to  prevent  the  spread  of  infection  from  these  sources.  It  is  a 
good  plan  also  to  remove  a  cow  from  the  herd  which  shows  symptoms 
of  abortion  until  it  is  seen  whether  she  is  infected  or  not.  As  a  pre- 
caution to  prevent  the  spread  of  infection  all  the  cattle  in  an  aborting 
herd  should  receive  at  least  one  disinfection,  and  to  do  this  properly 
the  part  of  the  herd  which  has  been  exposed  should  be  disinfected 
first.  As  many  of  these  cattle  will  be  carrying  calves  the  disinfection 
will  consist  simply  in  cleansing  the  outside  parts  thoroughly  with  a 
one  in  one- thousand  corrosive  sublimate  solution  or  a  three  per  cent 
creolin  or  lysol  solution  and  flushing  out  the  vagina  with  from  one  to 
two  quarts  of  a  one  and  one-half  per  cent  of  lysol  or  Oreolin-Pearson 
solution.  Four  men  with  convenient  chute  and  corrals  can  handle 
one  hundred  head  in  a  day  in  this  manner,  with  but  little  more  trouble 
than  dehorning.  This  disinfection  will  not  destroy  any  germs  in  the 
uterus  but  will- destroy  any  which  are  working  their  way  in  through 
the  vagina  from  recent  infection. 

The  bull  should  next  be  treated  first  by  clipping  the  hair  from 
around  the  sliaath  then  disinfecting  externally  as  before  advised,  and 
running  a  rubber  tube  or  douche  up  the  sheath  and  closing  the  open- 
ing of  the  sheath  the  fluid  can  be  worked  around  by  external  mani- 
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pulation  and  a  thorough  disinfection  accomplished.  During  the 
breeding  sefeson  this  should  be  done  frequontly  particularly  if  there  is 
possibility  of  the  bull's  becoming  infected.  Five  minutes  time  will 
do  all  the  work  necessary,  the  ugly  ^.ninaals  even  standing  very  quietly. 
The  work  is  most  easily  done  in  the  chute  taking  the  next  to  the  bot- 
tom board  oflF  the  side  to  work  through,  and  tying  one  of  the  animals 
hind  legs  back  to  prevent  injury  to  the  operator. 

The  method  of  treatment  of  aborting  animals  varies  with  the  size 
of  the  herd.  With  small  herds  where  only  a  few  nnimals  abort  it  is 
best  to  take  an  animal  when  it  aborts  and  flush  out  at  once,  repeating 
about  six  times  in  ten  days.  With  larger  herds  it  is  doubtless  best  to 
isolate  the  aborting  animals  in  a  pasture  by  themselves  and  when 
calving  time  is  over  disinfect  all  the  aborting  animals  at  one  time. 
They  should  be  disinfected  at  least  six  times  and  the  womb  thoroughly 
flushed  out.  In  order  to  do  this  properly  the  right  arm  must  be  care- 
fully introduced  into  the  vagina  and  the  tube  or  douche  passed  through 
the  neck  of  the  uterus  into  the  womb.  In  disinfecting  the  uterus  we 
use  a  weaker  solution,  one  per  cent,  owing  to  the  greater  sensitiveness 
of  the  membrane.  From  one  to  two  gallons  is  necessary  for  this 
flushing  which  should  De  thorough,  the  amount  of  fluid  depending 
upon  how  recently  the  animal  aborted;  the  uterus  being  more  dilated 
if  the  abortion  be  recent.  The  same  precautions  are  to  be  observed 
in  disinfecting  the  external  parts. 

In  handling  the  animals  a  chute  such  as  is  used  in  dehorning  is 
very  satisfactory.  A  platform  can  be  erected  over  it  and  a  barrel  or 
tub  containing  the  disinfecting  solutions  placed  on  top  of  that  at  an 
elevation  of  about  ten  feet  above  the  cows  back.  The  solution  may 
be  siphoned  out  and  about  fifteen  feet  of  rubber  tubing  5-16  inch  in 
diameter  is  necessary.  A  uterine  douche  is  a  great  convenience  for 
this  work  such  as  is  shown  in .  cut.  These  instruments  can  be  secured 
from  Sharp  &  Smith,  92  Wabash  ave.,  Chicago,  or  Haussmann  & 
Dunn  Co.,  107  S.  Clark  st.,  Chicago,  or  from  any  veterinary  instrument 
dealer  at  a  cost  of  about  $3.  Special  care  should  be  exercised  in  the 
disinfection  not  to  infect  the  healthy  animals  and  hands  and  utensils 
of  the  operator  should  be  thoroughly  disinfected  by  washing  with  a 
three  per  cent  solution  of  lysol  or  creolin. 
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In  April  and  May  the  writer  directed  the  disinfection  of  two 
herds  near  Bozeman.  The  owner  of  one  herd  of  125  head  of  range 
cattle  said  he  considered  the  disinfection  but  little  more  work  than  de- 
horning  and  I  was  satisfied  that  four  men  with  proper  facilities  could 
disinfect  100  of  the  animals  which  iiad  been  exposed  or  about  60  in- 
fected animals  in  a  day.  The  owner  of  the  other  herd  said  he  consid- 
ered the  disinfection  so  simple  that  he  would  in  future  disinfect  his 
bull  w^eekly  during  the  breeding  season.  In  the  disinfection  of  these 
herds  the  conditions  were  met  which  will  apply  in  general  to  all  herds* 
The  methods  followed  were  exactly  as  advised  in  this  bulletin  and  in 
actual  use  were  found  to  be  quite  practical. 

So-called  Remedies  and  Treatment- 
Owing  to  the  peculiar  character  of  this  disease  particularly  with 
reference  to  affected  animals  becoming  immune  many  have  been  mis- 
led in  prescribing  remedies  which  apparently  had  a  beneficial  effect 
but  which  happened  to  be  administered  just  when  the  disease  is  on 
the  decline.  Manufacturers  of  quack  remedies  knowing  the  peculiar- 
ities of  this  disease  following  the  wake  of  almost  every  attack  of  abor- 
tion and  undertake  to  cure  the  aborting  animals;  as  a  result  they  reap 
a  rich  harvest  for  they  give  their  medicine  just  when  the  trouble  is 
over. 

Fluid  extract  of  Black  Haw  and  carbolic  acid  have  been  recom- 
mended as. valuable  medicinal  treatment  for  this  disease  but  their  re- 
putation has  been  gained  chiefly  from  the  fact  that  they  have  been  ad- 
ministered in  a  number  of  instances  just  when  the  disease  was  on  the 
decline  arid  as  a  result  got  undeserved  credit.  With  reference  to  car- 
bolic acid  were  it  used  in  suflScient '  strength  to  kill  the  bacteria  it 
would  kill  the  animal  and  further  carbolic  acid  is  converted  as  soon  as 
it  enters  the  intestinal  tract  into  a  form  called  sulphophenic  acid  which 
is  inert  and  has  no  effe(5t  upon  bacteria.  Carbolic  acid  can  have  but 
one  beneficial  influence  and  that  is  as  an  intestinal  antiseptic,  and 
considering  the  nature  of  the  disease  there  is  in  all  probability  little' 
opportunity  for  infection  from  the  intestinal  tract. 

DisinfectaAts. 

Corrosive  sublimate  or  bi-chloride  of  mercury  is  put  up  in  tablets 
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whiiih  can  be  obtained  at  any  drug  store  with  directions .  for  making 
one  in  one-thousand  solution.  Usually  one  tablet  to  a  quart  or  pint  is 
the  strength  required.  ' 

Creolin-Pearson  and  lysol  are  used  in  preference  to  carbolic  acid  *  , 

as  disinfectants  because  they  mix  much  more  readily  and  thoroughly  *  j 

with  water  than  does  carbolic  acid  and  in  the  proportions  recommended,  ?  | 

one  and  two  parts  to  the  hundred  parts  of  water,  make  very  complete  mix- 
tures either  with  cold  or  warm  water.  Warm  water  is  to  be  preferred. 
Both  are  coal  tar  products  and  can  be  obtained  from  any  drug  store . 
Creolin-Pearson  is  specially  recommended  because  of  the  fact  that  it  is 
a  definite  chemical  compound  and  does  not  contain  many  of  the  im- 
purities which  are  found  in  the  cruder  and  cheaper  products.  Lysol 
may  be  considered  equally  good  and  has  the  advantage  of  being  a 
trifle  cheaper. 

The  treatment  recommended  may  be  modified  in  grade  herds  in 
which  the  cattle  are  worth  as  much  for  beef  as  for  breeding.  In  this 
case  the  aborting  animals  had  best  be  isolated  and  then  fattened  and 
beefed.  Precautionary  measures  should  then  be  taken  with  the  re- 
mainder of  the  herd  by  treating  as  before  advised.  Particular  care 
being  taken  to  thoroughly  and  frequently  disinfect  the  bulls.  In  this 
way  the  disease  can  be  readily  and  cheaply  stamped  out  by  the  second 
or  third  year.  With  better  graded  stock  it  will  pay  to  disinfect  both 
aborting  and  exposed  animals  and  eradicate  the  disease  as  before  de- 
scribed. In  general  the  disease  may  be  avoided  by  disinfection  of 
newly  purchased  stock;  by  care  to  avoid  purchasing  breeding  stock  or 
bulls  from  aborting  herds;  by  as  far  as  possible  keeping  stock  from 
aborting  herds  and  by  frequent  disinfection  of  breeding  bulls.  p 

1 


I 


I 


JS\.3iA 


l 


..£± 


F 


No.  50, 


:;:;HARy. 


i 


I 


U.MVrp:.,!-,  y 

— OF  — 

CALIFORNIA. 

: — t — '  —     -      - 


MONTANA  AGRICULTURAL 


UNIV.  OF  MiOH. 
MAR  11  1S09 


Experiment  Station, 


•OF  THE- 


\ 


A^rictilttiral  College   of  Montana^ 


I     Poultry  Management. 

II     Poultry  Diseases 


Bozeman,  Montana,  October,  1903. 


BOZEMAN  REPUBLICAN-1903 


MONTANA  AGRICULTURAL 

I 

Kxperiment   Station 

BOZEHAN,        -        MONTANA. 

STATE  BOARD  OF  EDUCATION. 


J 


J06EFH  K.  Toole,  Governor, 

Jambs  Donovan,  Attorney-Qenbral,  [  £x-Offioio Helena. 

W.  W.  Welch,  Supt.  op  Public  Instruction, 

J.  M.  Evans,. Missoula. 

C.  R.  Leonard, ., Buttb. 

N.  W.  McCoNNELL, '. Helena. 

W.  M.  Johnston Billings. 

O.  P.  ChiSHOLM, BOZEMAN. 

J.  G.  McKay,. . , Hamilton. 

G.  T.  Paul,. Dillon. 

N.  B.  HoLTES, Hklbna. 

EXECUTIVE  BOARD. 

Walter  S.  Hartman,  Prbbident, Boebmav . 

Peter  Koch,  Secretary Bosbmah. 

Joseph  Kountb, Bobbmav. 

E.  B.  Lammb, Bobbmaf. 

John  Maxby * Bozbmab 

STATION  STAFF. 

*Samuel.  Fort;er,  Ma.  E., Director  and  Irrigation  Enginbbb. 

F.  B.  LiNPIELD,  B.  S.  A, VlOE-DlRBOTOR  AND  AgBICULTURXST. 

J;  •  W .  xRAPHAGEN,  Jt  H.  U*%  Jf .  vy.  O*,  •.•«''**>•  .....<•.«.*  ••■•  •......•••  .•..  \Jii.mMtUfX» 

J.  W.  BtANKiNSHiP,  Ph.  D., Botanist. 

R.  A.  Coolby,  B.  So., Entomologist, 

R.  W.  Fisher,  B.  S., Assistant  Horticulturist 

Edmund  Burke Assistant  Chemist. 

W.  J.  Elliott Assistant  Dairyman 

♦Absent  on  leave. 

Poetoffice,  Express  and  Freight  Station,  Bozeman. 


All  communications  for  the  Experiment  Station  should  be  addressed  to  the 
Director. 

MONTANA  EXPERIMENT  STATION, 

Bozeman,  Montana. 


Notice.— The  Bulletins  of  the  Station  will  be  mailed  free  to  any  oitiieii  of 
Montaoa  who  sends  his  name  and  address  to  the  Station  for  that  purpose. 


I    Poultry  Management 

II     Poultry  Diseases 


CONTENTS 

Poultry  Managbment 

iDtrodaction 180 

Poultry  House I , i 182 

Ventilation  , 184 

Dimensions 185 

Nest  Box  , 186 

Storm  Door ; 187 

Size  of  House  and  Pens 187 

The  Stock  to  Select 187 

Comfortable  Quarters 188 

Feeding  Poultry 189 

PoUIfTRY  DlSSASBS 

Introduction ).91 

Roupe 191 

Symptoms  . . . .  ^ • 192 

Treatment 193 

Catarrh 193 

Gapes , 194 

Symptoms 194 

Treatment 195 

Lice 195 


Montana  Experiment  Station. 


BULLETIN  NO.  50.  -  -  OCTOBER,  1903* 

Poultry   Management. 

p.  B.  LiNFIELD 


Introduction 

Poultry  and  poultry  products  because  of  the  smallness  of  the  in- 
dividual producer,  and  also  of  the  product,  is  thought  by  many  to  be 
an  insigniJScant  business,  yet,  because  of  the  wide  and  universal  de- 
mand, is  one  of  the  large  industries  of  the  country.  The  yearly  value 
of  the  product  of  the  American  hen  is  close  to  $300,000,000,  larger 
than  any  other  one  industry  except  the  cow. 

There  is  yet  much  room  for  the  growth  of  the  poultry  industry  in 
Montana,  according  to  the  statistics  gathered  by  Mr.  C.  H.  Edwards 
during  the  year  of  1891.  It  would  appear  that  about  $1,500,000  worth 
of  poultry  and  poultry  products  from  outside  the  state  found  a  market 
in  Montana — about  $5.00  for  each  person  in  the  state. 

To  those  not  initiated,  and  to  the  person  who  handles  a  few 
fowls,  no  business  seems  so  simple  as  that  of  handling  poultry  and  yet 
few  businesses  have  so  many  failures  to  record  when  started  on  a  com- 
mercial scale.  Much  more  knowledge,  skill  and  careful  management 
is  needed,  if  success  is  to  be  attained,  than  many  suppose.  A  person 
must  know  his  flock  and  with  patience  watch  them  from  day  to  day, 
and  by  proper  methods  of  care  and  feeding  maintain  the  birds  in  th^ 
best  condition  of  health  and  vigor.  To  attain  success  with  poultry  a 
man  must  in  a  measure  be  a  poultryman.  he  must  have  a  liking  for 
the  business,  and  the  patience  that  looks  after  every  detail  in  the  care 
of  the  birds,  however  small  it  may  be. 

My  observation  would  lead  me  to  the  generalization  that  the 
organs  concerned  with  maternity  in  animals  are  more  economic  pro- 
ducers of  concentrated  food   products,   possessing  greater  elasticity  of 
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production  and  are  c&pible  of  greater  eltfentio'n  arid  development  than 
any  other  construction  forces  in  the  body  of ;  the  animals- ;  This  is  il- 
lustrated in  several  directions.  An  old  animal  will  not  fatten  as  eco- 
mically  as  a  young  one,  but  the  old  animal  will  grow  a  foetus  as  eco- 
nomically. The  old  animal  again,  will  produce  milk  as  economically 
as  the  young  animal.  The  young  animal  retains  much  of  the  produc- 
tive qualities  of.  the  maternal  organs  of  the  mother,  and  considering 
its  weight,  gains  in  live  weight  much  faster  and  more  economically 
than  later  in  life  Poultry  also  illustrate  this  same  general  principle. 
In  the  production  of  eggs  the  ma,temal  organs  of  the  animals  are  con- 
cerned. A  six  pound  henx)f  the  laying  strain  will  produce  from  2  to 
4  times  her  owji  weight  in  eggs  in  a  year,  and  this  she  will  do  with 
about  sixty  pounds  of  dry  matter  in  feed.  A- six  pound  hen  on  feed 
costing  not  to  exceed  75c  to  80c  will  produce  from  $2.50  to  $3.00  worth 
of  eggs  at  Montana  prices — 25c  per  dozen  on  the  average. 

It  is  within  comparatively  recent  times  that  attention  has  been 
paid  to  selecting  poultry  on  the  basis  of  egg  records,  but  the  result 
has  shown  that  there  is  just  as  great  room  for  increased  production  in 
this  line  as  with  milk  production  in  the  cow.  Poultry,  therefore,  are 
among  our  most  economic  food  producing  animals. .  Again  the  prices 
offered  in  the  state  are  such  as  should  assure  a  very  profitable  market 
for  the  home  producer. 

Those  who  assay  to  obtain  proficiency  in  the  handling  of  poultry, 
however,  should  be  students  of  poultry  books  and  poultry  papers. 
These  record  the  experience  of  other  men,  their  successes  and  their 
failures,  experiences  which  will  be  of  very  great  value  to  the  beginner 
and  not  invaluable  to  the  most  experienced. 

Success  with  poultry  comes  from  so  handling  them  as  to  avoid 
disease,  rather  than  the  ability  to  fight  the  disease  when  it  appears 
important  as  this  latter  may  be.  It  is  for  this  reason  that  a  few  brief 
thoughts  are  added  on  the  general  treatment  of  fowls.  Profits  come 
from  healthy  fowls  not  from  sick  ones.  It  is  very  important,  however, 
to  recognize  the  disease  when  it  does  come,  as  come  it  may  in  the  best 
managed  flock,  so  that  the  loss  may  be  reduced  to  a  minimum  and  to 
enable  us  to  treat  the  birds  successfully  and  thus  save  a  valuable  flock 
for  future  usefulness. 
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TKe  Poultry  House 

Id  the  Montana  climate,  probably  the   first   coaBideration  sboiild. 


BuiLDina  on  Mortaka  State  Farm. 
be  a  good  house.     It  need  not  be  expeneive,   bat   it  should   be  wana, 
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sunny  and  dry.  Cheap  lumber  and  building  paper  with  plenty  of 
window  lights  will  give  these  requirements.  In  this  connection  I 
probably  could  not  do  better  than  describe  the  construction  of  the 
house  used  on  the  Station  farm  and  also  a  house  of  a  smaller  sisse 
recommended  by  the  Experiment  Station  of  Utah. 

Pig.  1.  illustrates  a  model  form  of  poultry  building,  and  is  with 
the  exception  of  some  slight  details  of  the  same  construction  as  our 
main  building.  This  house  is  14  feet  wide,  pens  12  feet  long  with 
walls,  roof,  floor  and  windows  constructed  as  previously  described  by 
the  wall  double  boarded  inside  and  out  with  tar  paper  between.  The 
floor  also  double,  and  on  the  roof  tar  paper  beneath  the  shingles.  A 
four  foot  passage  way  runs  throughout  the  rear.  Access  to  the  pens 
is  through  doors  two  feet  wide,  which  open  inward  against  a  partition 
between  the  pens.  This  partition  is  matched  stuff  for  2  feet  and  then 
wire  netting  up  to  the  ceiling.  The  arrangements  of  the  roosts  (R), 
the  drop  boards  (D.  B.),  the  nest  boxes  (N.  B.)  and  the  feed  board  are 
very  simple.  The  fowls  are  fed  their  soft  feed  through  the  slatted 
front  of  the  pen  upon  the  hinged  feed  door,  which  when  not  m  use,  is 
hooked  in  a  perpendicular  position.  These  slats  are  three  inches 
apart  and  fourteen  inches  high.  Immediately  above  upon  a  platform 
20  inches  wide,  the  nest  boxes  are  placed  facing  the  passageway. 
Eggs  are  gathered  from  them  by  opening  the  hinged  door  in  the  pass- 
ageway which  extends  in  front  of  the  platform.  Nests  are  best  made 
of  ^  inch  lumber,  boxes  12x12x14  inches  dimension.  Above  the  nest 
boxes  is  another  platform  22  inches  wide  which  catches  the  droppings 
from  the  roosts.  This  drop  board  (D.  B.)  extends  about  1^  inches  into 
the  passageway  so  that  in  cleaning  the  edge  a  pail  may  catch  under  it. 
The  roosts  are  placed  6  inches  above  the  drop  boards  and  are  2x3^ 
inches  with  corners  rounded  ofiP  and  the  flat  side  up.  (V)  Ventilator 
is  placed  in  the  corner  of  the  pen  close  to  the  passageway,  and  the  dam- 
peris  operated  therefrom.  The  exit  through  the  floor  is  surrounded  by 
a  box  as  shown.  This  is  to  prevent  litter  from  falling  through.  The  front 
wall  is  inclined  inward  two  feet  at  the  top  in  order  to  take  greater  advan- 
tage of  the  sunlight,  and  the  building  is  sealed  with  matched  flooring 
upon  the  lower  side  of  the  collar  beam.  Where  it  is  intended  to  keep 
only  40  or  50  birds,   a  saving  of  space  may  be  affected  by  running  the 
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pass^ieway  through  the  ceater  of  the  building  from  front  to  rear,  mak 
ills  two  peus  and  arranging  nest  boxes,  etc.,  on  either  side  of  the  pass- 
age way,   with   the  door  on   the   north  side   and  the  ventilators   oh 

either  side 

Ventilation. 

Proper  ventilation  is  an  important  factor  in  the  mauagemeDt  of 
the  poultry  house,  and  the  object  should  be  to  remove  the  foul  air  and 
retain  the  warmer  and  pur  .^r  air  without  causing  a  draft.  Our  method 
of  securing  this  result  is  simple.  An  ordinary  stove-pipe  with  damper 
extends  from  a  hood  on  the  roof  to  witliin  six  inches  of  the  floor.  The 
The  lighter  and  warmer  air  near  the  roof  of  the  building  warms  the 
metal  pipe  which  is  a  good  conductor,  which  in  turn  warms  the  air  in- 
side causing  it  to  rise  slowly.  As  a  result,  the  air  flows  into  the  pipe 
from  the  opening  near  the  floor,  this  gradually  removes  the  air  in  the 
immediate  vicinity  of  the  fowl.  We  have  found  this  method  an  ad- 
mirable one  in  our  practice,  performing  the  work  excellently. 


House  on  Utah  Station  Farm 

"I  give  here  a  sketch  of  a  poultry  house  that  will  answer  most 
purposes.  It  will  be  suitable  for  the  farm  and  also  for  the  town  lot. 
It  can  be  extended  to  any  length  desired,  or  it  may  be  cut  in  two 
where  only  a  small  number  of  fowls  are  to  be  kept.  The  dimensioas 
given  are  for  a  house  that  wilt  accomodate  about  fifty  of  the  smaller 
breeds  of  fowls  and  about  forty  of  the  larger. 
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Dimbn«iOns. 

**It  is  forty  feet  long  and  10  feet  wide,  divided  into  two  pens, 
ea6h  ten  by  twenty  feet,  ten  feet  of  the  closed  part  being  for  the  roost- 
ing and  laying  apartment  and  ten  feet  open  scratching  shed.  It  is 
eight  feet  high  at  the  front  and  four  feet  at  the  back.  The  outside 
yards  should  be  about  20x100  feet  each.  There  is  no  hallway,  but 
there  is  a  door  entering  from  the  open  shed  into  the  closed  part.  The 
partition  between  the  two  outside  pens  may  be  of  wire  netting  but 
there  should  be  about  two  feet  of  boards  at  the  bottom  to  prevent  the 
fowls  fighting  through  the  wire. 

Materials 

"The  sills  should  be  about  4x6.  For  framework  and  rafters  use 
2x4  stufif.  On  outside  of  studs  nail  good  common  lumber  close  to- 
gether. On  top  of  this  tarred  paper;  then  on  top  of  this  put  on 
tongued  and  grooved  lumber  up  and  down.  For  the  roof  use  common 
sheeting  laid  close  together.  On  top  of  this  place  tarred  paper,  then 
shingles.  Instead  of  shingles  Neponsit  Red  Rope  paper  may  be  used. 
The  door  opening  into  the  scratching  shed  should  fit  tightly  and  if 
necessary  a  storm  door  should  be  put  on  in  winter  to  shut  out  cold  and 
draught.  The  window  should  open  into  each  of  the  close<l  pens.  This 
should  be  about  24x24  inches,  and  it  should  be  double  in  winter.  It 
should  be  low  enough  down  so  that  the  sun  in  winter  entering  the 
the  window  will  fall  on  the  floor.  The  end  walls  of  the  scratching 
shed  need  not  be  double  boardei  and  papered,  but  should 
be  airtight. 

"In  the  colder  portions  of  the  state,  it  may  be  necessary  to  use 
another  thickness  of  boards  and  paper  in  the  closed  pens.  In  that  case 
another  layer  of  paper  can  be  put  on  the  studs  and  tongued  and 
grooved  boards  on  top  of  that.  But  probably  a  better  arrangement 
would  be  to  nail  sheeting  on  the  studs  and  put  Neponset  Red  Rope 
roofing  on  top  of  that.  That  makes  a  good  lining.  All  lumber  in  the 
inside  of  the  building  should  be  planed.  This  makes  it  easier  to  keep 
the  house  free  from  vermin.  Instead  of  lumber  the  walls  of  tlie  closed 
pen  may  be  made  of  brick  with  adobe  lining.  Some  claim  that  this 
will  be  warmer  and  drier. 
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Nest  Box 

"One  of  the  importaot  things  in  the  poultry  honBe  is  the  nest. 
To  prevent  ^^-eating  the  box  should  be  dark  and  shallow.  The  out 
shows  a  good  plan.  It  shows  a  roosting  platform  with  a  row  of  nests 
underneath.  This  plan  is  reoommended  by  the  Reliable  Ponltry  Jonr- 
nal.  If  intended  for  L^homs,  or  medium  sized  hens,  nests  12x12 
inches  and  7  c-  tj  inches  high  will  be  about  right.  If  for  Brahamas  or 
Cochins  they  should  be  about  15x15  and  10  inches  high.  Have  some 
chaff  or  other  good  material  in  the  bottom  of  the  box  so  that  there  will 
be  less  danger  of  the  eg^  breaking,  as  a  broken  egg  in  the  nest  is  al- 


The  Nbst  Bok 

most  a  sure  way  of  teaching  the  hens  to  eat  eggs.  The  bottom"  board  of 
the  nest  shown  in  the  illustration  should  be  hinged  to  the  wall  of  the 
poultry  house  so  as  to  open  upwanl.  The  upright  which  holds  the 
bottom  board  in  position  is  also  on  a  hinge  so  it  can  be  kicked  from 
under  the  board  to  allow  cleaning.  The  top  board  or  roosting  platform 
should  be  built  on  an  incline  and   also   hinged  to  the  wall  so  it  can  be 
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raised  to  get  at  the  ^gs.  The  roosting  i)ole  should  be  about  six 
inches  above  the  platform  and  may  be  1x3  inches,  the  hens  sitting  on 
the  wide  surfeu^e. 

Storm  Door 

"For  stormy  weather  there  should  be  provided  a  storm  door  for 
the  open  shed.  This  may  be  made  of  oiled-canvass  tacked  on  to  a 
light  frame  and  should  be  hinged  at  the  top  so  that  it  can  be  hooked 
up  to  the  ceiling  when  not  needed." 

Sizm  of  Hotise  and  Pens 

The  size  of  poultry  house  usually  recommended  is  one  that  will 
give  about  6  to  8  square  feet  of  floor  space  to  each  bird.  Thus,  a  pen 
10x12  feet  will  accomodate  15  to  20  birds. 

The  modem  practice  is  not  to  allow  the  fowls  the  run  of  the  farm 
except  perhaps  for  a  month  or  two  in  the  fall  after  the  crop  is  oflF,  but 
to  confine  them  in  yards  near  the  house.  These  yards  or  runs  should 
afford  50  to  100  square  feet  of  space  for  each  bird.  Part  of  the  run 
should  be  planted  to  clover  and  grass.  In  part  sunflowers  may  be 
planted  for  summer  shade  and  fall  feed,  and  part  may  be  cultivated  for 
a  succession  of  green  crops  during  the  summer. 

TKe  Stock  to  Select 

For  satisfactory  results,  good  birds  are  needed,  and  here  as  with 
other  classes  of  livestock,  pure  breds  and  not  cross-breds  or  scrubs  are 
to  be  preferred,  particularly  on  the  side  of  the  male.  Again,  get  a 
good  strain  of  the  breed  selected,  a  strain  noted  as  large  egg  producers. 
Poultry  men  are  now  gathering  such  data  and  breeding  for  a  re  jord. 

The  profit  with  poultry  will  in  a  large  measure  be  influenced  by 
the  time  the  eggs  are  produced.  During  the  late  fall  and  winter 
months,  fresh  eggs  command  a  fancy  price.  Young  slock,  the  early 
hatched  pullet,  is  the  bird  that  under  proper  care  will  produce  eggs  at 
this  season.  Not  alone  is  the  young  bird  an  early  layer,  but  they  also 
produce  the  largest  number  of  eggs  per  year.  As  a  rule  the  first  two 
years  are  the  profitable  egg-producing  years  of  the  fowl's  life.  These 
birds  should  not  be  kept  over  the  third   winter  except  perhaps  for  the 
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purpose  of  producing  eggs  for  hatching,  if  an  extra  fowl.  This  lai^er 
return  from  thd  young  fowl  many  people  seem  to  forget,  yet  it  is  a 
very  important  fact  in  poultry  profits. 

Comfortable  Quarters 

In  the  proper  feeding  and  proper  care  of  fowls  is  where  perhaps 
most  people  fail.  Fowls  as  a  rule  will  not  produce  eggs  if  subjected 
to  the  continuous  cold  weather  of  winter.  Th«y  must  therefore  be 
comfortably  housed.  There  is  danger  here,  however.  During  the  day 
with  the  sun  shining  on  the  building,  the  house  warms  up  and  the 
warm  air  takes  up  much  moisture.  During  the  night,  on 'the  other  hand 
the  house  cools  off  very  much  and  may  chill  the  birds.  The  cold  air,' 
moreover,  not  being  able  to  hold  as  much  moisture  as  the  warm  air, 
the  moisture  may  condense  in  the  house,  making  it  damp.  These  ex- 
tremes in  temperature  and  also  the  consequent  dampness  friequently 
give  rise  to  colds  and  may  develop  into  roup  of  some  form. 

.  These  extremes  of  temperature  and  the  dampness  may  in  a  meas- 
ure be  avoided  by  thoroughly  ventilating  the  house  during  the  day, 
being  careful,  however,  to  avoid  draughts,  and  then  closing  up  the 
house  at  nights.  If  in  addition  to  this  a  little  heat  is  used  in  the 
house  at  night  the  result  will  be  still  better.  It  will  not  need  much 
heat,  just  enough  to  prevent  the  house  getting  very  cold,  thus  avoiding 
extremes. 

This  of  course  is  artificial  treatment  but  so  is  the  production  of 
eggs  during  the  cold  winter  weather.  To  get  the  winter  egg  we  must 
keep  the  fowls  comfortable  and  healthy.  The  easiest  and  safest 
method  to  attain  this  may  be  by  a  little  artificial  heat  during  the 
winter.  In  a  small  house  a  small  stove  is  the  only  practical  method 
of  heating  and  some  form  of  the  hot  blast  stove  in  which  the  draught 
can  be  thoroughly  controlled  and  a  small'  tire  kept  going  for  several 
hours.  .  For  a  large  poultry  house,  some  form  of  small  water  heater  is 
preferable  as  the  heat  may  be  more  easily  distributed  over  the  build- 
ing and  more  easily  regulated. 

The  central  thoughts  are  (1)  that  to  produce  eggs  in  winter  a 
comfortable  temperature  for  the  fowls  must  be  maintained  and  too 
great  cold  avoided;  (2)  that  a  fairly   uniform  temperature  must  be 
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maintained ;  (3)  dampness  must  be  avoided.    There  are  probably  other 
ways  than  those  suggested  to  attain  those  objects. 

Feeding  Poultry 

<  .      •  • 

The  matter  of  feeding  while  important  is  perhaps  not  as  diffi- 
cult to  properly  provide  for  as  the  matter  of  comfort  and  health.  The 
weight  of  experience  seems  to  show  that  a  proper  combination  of  hard 
feed,  soft  feed,  green  feed,  meat  scraps  and  grit  give  most  satisfactory 
results. 

In  the  morning  give  a  warm  mash,  composed  of  bran  and  shorts 
and  some  ground  grain.  This  should  be  mixed  with  water  and  sea- 
soned slightly  with  salt  and  pepper.  This  mash  may  with  advantage 
be  wet  and  mixed  with  warm  skim  milk  instead  of  water.  The  skim 
milk  is  valuable  as  a  poultry  food  and  can  in  a  measure  take  the  place 
of  meat  scraps  or  other  animal  food.  Do  not  give  a  full  feed  of  this 
but  after  it  is  eaten  up  clean,  scatter  some  grain  in  the  litter  on  the 
floor,  for  the  hens  to  scratch  around  and  gather  up.  The  grain  should 
vary  from  wheat  and  oats  to  peas  or  corn,  if  available,  to  give  variety. 
About  the  middle  of  the  afternoon  or  a  little  later  give  a  feed  of  wheat 
also  scattered  in  the  latter  on  the  floor,  all  that  the  birds  will  eat  up 
before  roosting  time.  This  method  of  feeding  forces  the  fowls  to  keep 
busy  and  gives  them  exercise  which  is  needed  for  healthf ulness  when 
confined  in  pens.  Give  cut  bones  and  meat  scraps  three  times  a  week. 
In  the  winter  keep  a  little  green  feed  available  for  the  fowls  all  the 
time,  a  head  of  cabbage  hung  up  in  the  pen  and  at  other  times  a  man- 
gle  or  sugar  beet  and  again  a  little  lucem  or  clover  leaves  will  add 
variety.  In  the  sxmimer  if  the  runs  are  large,  part  of  them  may  be 
seeded  to  clover  or  alfalfa,  or  a  little  rye  may  be  sown  as  a  variety. 

Fowls  need  grit  to  grind  their  food.  Having  no  teeth  the  food 
must  be  ground  in  a  special  organ,  the  gizzard.  Again,  grit  is  needed 
to  give  material  for  the  egg  shell. 

Bones  provide  a  certain  amount  of  animal  food  and  also  grit  for 
shell  material.  Bones  and  meat  scraps  are  usually  inexpensive,  but 
take  some  work  and  trouble  to  prepare  as  they  have  to  be  ground. 
Their  place  may  be  taken  by  oyster  shells,  ground  bone  and  dried  blood. 
The  first  cost  of  these  is  greater  but  they  require  little  or  no  prepar- 
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ation  before  feeding.  In  the  summer  when  the  fowls  have  the  nse  of 
a  large  run  and  especially  if  part  of  it  is  caltivated,  less  grit  and  animal 
food  have  to  be  provided,  and  if  later  inihe  season,  for  a  month  or  so, 
they  have  the  run  of  the  fields  they  will  be  able  to  gather  sufficient  of 
both. 

Fresh  water  should  also  be  available  for  the  fowls  at  all  times. 

Cleanliness  and  freedom  from  vermin  are  essential  points  in  poultry 
profits.  The  poultry  house  should  be  whitewashed,  using  freely  slaked 
lime,  at  least  twice  a  year,  the  roosts  should  be  frequently  cleaned  off 
and  the  litter  cleaned  out  and  replaced  once  a  month  or  oftener.  The 
birds  will  keep  their  bodies  free  of  vermin  if  they  have  ready  access  to 
a  dust  bath.  The  roosts  and  nests  should  have  an  occasional  wash  of 
coal-oil  to  keep  those  pests  in  check. 
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Poultiy    Diseases   Common  in 

Montana. 

By  H.  C.  Gabdineb. 


Introduction 

Diseases  in  poultry  are  in  general  not  effectively  treated  in  the 
diseased  individual,  because  of  the  fact  that  the  trouble  and  time 
necessary  for  treatment  more  than  equal  the  value  of  the  individual 
bird.  On  the  other  hand  an  understanding  of  the  different  diseases 
with  their  predisposing  causes  is  very  essential  in  order  to  avoid  loss 
and  keep  the  flock  free  from  disease. 

In  general  it  may  be  said  that  fowls  properly  fed,  prox)erly housed, 
and  intelligently  handled  will  keep  in  a  vigorours  healthy  condition. 
In  our  experience  at  the  Station  the  slight  occasional  loss  of  probably 
seven  or  eight  birds  in  four  years  has  been  directly  due  to  some  error 
or  oversight  in  care  or  feeding. 

Diseases  may  be  said  in  general  to  result  from  two  conditions,  one 
in  which  unfavorable  surroundings,  feed,  etc.,  produce  the  conditions 
and  on  the  other  hand  direct  infection  from  some  infectious  or  con- 
tagious disease.  It  is  probably  wise  to  point  out  at  this  time  that  the 
second  source  is  most  active  when  the  fowls  are  in  low  condition  as  a 
result  of  improper  feed  and  care. 

R.OUP 

Roup  is  undoubtedly  the  cause  of  more  fatalities  in  the  mature 
flocks  of  the  North-western  states  than  any  other  disease.  It  is  gen- 
erally prevalent  in  Montana  and  in  certain  localities  is  causing  severe 
loss  during  the  winter  months. 

During  the  past  four  years  a  thorough  investigation  of  this  disease 
has  been  carried  out  by  the  Bacteriological  department  at  the  Ontario 
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Agricultural  College  and  the  results  of  these  investigations  published 
in  Bulletin  125  of  that  Station.  The  following  notes  on  the  disease 
are  take^  from  that;Source.  * 

The  disease  is  infectious  and  due  to  a  bacillus  (B.  cacosmus).  It 
is  prevalent  in  fowls  kept  in  filthy,  damp,  draughty  and  poorly  venti- 
lated quarters.  Vigorous  sto^k  in  good  surroundings  prove  quite  re- 
sistant to  the  disease.  Young  fowls  and  those  of  the  more  delicate 
breeds  are  much  predisposed  to  the  disease. 

Symptoms 

The  earliest  symptoms  is  a  putrid  catarrh  of  the  nostrils,  followed 
by  a  dumpish  condition  during  the  earlier  stages;  and  in  the  less 
severe  forms  of  the  disease  the  fowl  retains  its  appetite.  In  some  in- 
stances the  face  becomes  swollen,  birds  manifest  loss  of  appetite,  be- 
coming emaciated,  and  lie  down  and  die  in  a  few  days.  During  the 
latter  stages  of  this  disease,  diarrhoea  with  offensive  yellow  or  green 
discharges  hasten  the  fatal  termination  of  this  disease.  To  .quote 
Bulletin  No.  125,  Ontario  Agricultural  College.  "In  the  first  stages 
of  roup  the  birds  often  cough  or  sneeze  and  the  breathing  is  noisy, 
caused  by  the  partial  closing  of  the  air-passages  which  become  blocked 
with  the  discharge  from  the  nostrils.  When  the  air  passages  become 
entirely  closed  by  the  discharged  products,  the  fowl  has  to  open  its 
beak  in  order  to  breath.  Sometimes  a  yellowish  cheese-like  mass 
forms  in  the  nostrils,  if  this  mass  is  removed,  an  uneven  bleeding  sur- 
face is  left,  which  form  a  new  cheesy  mass  in  from  24  to  48  hours." 

These  cheesy  masses  sometimes  grow  in  the  eyes  and  in  the  ducts 
between  the  eye  and  nostril  and  sometimes  form  in  small  tumors  under 
the  skin  of  the  face.  ''The  secretion  from  the  eyes  is  similiar  to 
that  described  as  coming  from  the  nostrils,  i.e.,  at  first  a  clear 
liquid,  then  changing  to  a  putrid  grey  and  offensive  discharge.  If 
the  secretion  is  retained  in  the  eye  socket,  it  undergoes  a  change, 
becoming  a  yellowish,  solid,  cheesy  mass  of  the  same  appearance  as 
the  nasal  tumor.  This  cheesy  mass  either  forces  the  eye  out  of  its 
socket  or  the  inflamation  entirely  destroys  it. 

Combined  with  the  symptoms  of  roup  above  described,  there 
are  often  patches  of  a  greyish,  yellow  exudation  firmly  adherent  to 
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the  mouth,  throat,  etc.  These  patches  are  called  false  membranes. 
At  one  -or  several  places  in  the  mouth  and  throat,  these  yellowish, 
smooth  or  uneven  membranes  appear,  and  either  remain  small  and 
disappear  after  a  few  days,  or  grow  thicker,  spread,  and  become 
firmly  attached  to  the  mucous  membrane,  and  if  they  (the  false  .mem- 
branes) are   removed,  an  uneven,  bleeding  surface  is  exposed. 

When  the  throat  is  blocked  by  these  false  membranes,  the  ani- 
mal's breathing  becomes  abnormal,  and  the  air  passing  through  the 
throat  produces  loud  noises.  Gradually  the  visible  mucous  membrane 
and  the  comb  turn  blue,  and  the  fowl  generally  dies  from  suffocation. 

Treatment 

Care  taken  to  avoid  infection  as  outlined  in  the  causes,  which  pre- 
dispose toward  this  disease,  isolation  of  infected  birds  and  disinfection 
of  poultry  houses  and  runs  immediately  adjacent,  with  a  3  per  cent, 
creolin  solution  constitute  the  treatment,  under  average  circumstances. 
If  particularly  desired  to  save  some  valuable  individual,  immersing  the 
head  in  a  1  to  2  per  cent,  permanganate  of  potash  solution  is  a  method 
of  treatment  giving  valuable  results.  ''Fowls  are  treated  in  the  fol- 
lowing manner:  The  nostrils  are  pressed  together  between  thumb  and 
forefinger  in  the  direction  of  the  beak  several  times.  Pressure  should 
also  be  applied  between  the  nostrils  and  eyes  in  an  upward  direction. 
This  massage  helps  to  loosen  the  discharge  in  the  nostrils  and  eyes. 
The  bird's  head  is  then  plunged  in  a  potassium  permangnate  solution 
for  20  or  30  seconds,  in  fact  the  head  may  be  kept  under  the  solution 
as  long  as  the  bird  can  tolerate  it.  The  treatment  should  be  given 
twice  a  day  until  all  symptoms  have  disappeared." 

In  conclusion  our  authority  says:  "The  most  effective  preventa- 
tive for  roup  is  to  keep  fowls  in  good,  sanitary  condition  in  dry,  roomy 
yards,  and  dry,  clean,  airy  houses  which  are  free  from  draughts  and 
can  easily  be  cleaned  and  disinfected." 

CatarrK 

Catarrh  in  poultry  closely  resembles  the  common  "cold  in  the 
head"  of   man.    It  is  accompanied    by  sneezing,  difficult  breathing, 
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watery  discharge  of    nostrils,    in    later  stages  becoming  thick  and 
glutinous. 

The  causes  producing  this  disease  are  lack  of  ventilation  of  houses^ 
draughts,  dampness,  cold  winds,  exposure,  improper  care  and  feeding 
The  prevention  consists  in  the  removal  of  such  conditions,  and  when 
birds  become  aflfecteJ,  Douglas  mixture  in  the  drinking  water  acts  as  a 
splendid  tonic.  In  addition  the  following  powder  may  be  given  in  the 
food:  Gentian,  1  ounce;,  ginger,  1  ounce;  capsicum,  i^  ounce;  iron 
sulphate,  jounce;  hyposulpate  of  soda,  J  ounce;  a  teaspoonfuU  to  15 
fowls  being  about  the  right  proportion.  Douglas  mixture  is  a  splendid 
tonic  to  give  during  the  fall,  winter  and  spring  months  and  we  have 
found  with  its  occasional  use,  sickness  is  a  very  r^re  occurrence. 

Douglas  mixture  consists  of:  Sulphuric  Acid,  1  ounce;  iron  sul- 
phate, 3  ounce;  water,  2  gallons;  a  teaspoonful  to  a  pint  of  drinking 
water  is  sufficient.  We  have  made  it  a  practice  to  give  it  once  a  week 
in  the  drinking  water,  and  where  there  were  any  signs  of  disease  used 
it  in  drinking  water  daily. 


The  gape  worm  is  causing  loss  among  flocks  in  some  sections  of 
Montana  and  with  the  growth  of  poultry  raising  will  give  serious 
trouble  in  the  future  unless  steps  are  taken  to  suppress  this  parasite 

It  is  a  small  reddish  colored  worm  which  infests  the  trachea  (wind- 
pipe) of  young  chickens  and  gets  its  nourishment  by  sucking  blood 
from  the  wall  of  the  windpipe,  where  it  causes  much  irritation,  and 
may  occasion  inflamation  and  suffocation.  The  male  worm  is  about 
l-oth  of  an  inch  in  length  and  the  female  ^  inch.  They  are  usually 
found  attached  in  pairs  to  the  windpipe.  This  infection  occurs  as  a 
result  of  swallowing  embryo  worms  or  eggs  in  drinking  water  or  in  the 
food.  A  single  infection  is  however  all  that  is  necessary  as  the  worms 
reproduce  in  the  body  of  their  host.  This  practice  secures  most  of  its 
victims  among  the  smaller  and  weaker  chickens  as  they  most  easily 
become  exhausted  and  suffocated. 

Syomptoms 

The  disease  chiefly  affects  chicks  from  1  to  4  weeks  old  and  may 
be  detected  by  the  dumpish  condition  of  the  birds,  by  gaping  frequent- 
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ly  with  the  head  extended.  Later  a  cough  is  noticed  and  a  wheezing 
sound  accompanies  the  breath,  with  gaping  at  frequent  intervals. 
While  coughing  the  chicks  frequently  dispel  the  parasites,  which  may 
be  detected  in  the  mucous  which  accompanies  the  coughing.  As  the 
disease  advances  the  chicks  become  emaciated  and  week,  wings  hang 
down,  gaping  and  shaking  of  head  are  frequent,  and  at  last  death  from 
suffocation  and  exhaustion  intervenes.  The  stronger  birds  and  those 
infested  with  a  few  worms,  only  evidence  a  slight  inconvenience  and 
soon  shake  off.  the  effects  of  tho  disease. 

Treatment 

Individual  cases  may  be  relieved  by  removing  the  worms  from  the 
windpipe  with  the  end  of  a  feather  or  a  loop  of  horse  hair,  and  excell- 
ent  results  may  be  obtained  by  dropping  one  or  two  drops  of  salicylate 
of  soda  in  the  wind  pipe. 

General  treatment  consists  in  the  prevention  of  the  spread  of  in- 
fection, by  isolating  the  affected  birds,  frequent  disinfection  of  their 
yards  with  5  per  cent  solution  of  crube  carbolic  acid,  disinfection  of 
drinking  and  feeding  troughs  with  boiling  water,  and  exerting  every 
percaution  to  prevent  the  contaminating  of  their  food  or  drink.  The 
bodies  of  dead  birds  should  be  burned  and,  where  possible  healthy  birds 
should  be  changed  to  new  runs  until  tho  old  runs  were  thoroughly 
disinfected. 


The  large  grey  louse  (Liperiris  caponis),  the  red  mite  (Dermaceys- 
ses  gallinae),  the  bird  flea,  and  the  mite  (Sarcoptes  muteces)  causing 
scaly  legs,  are  the  external  pests  causing  the  bulk  of  the  trouble  aris- 
ing from  the  insect  posts. 

Cleanliness  is  the  starting  point  of  success  in  combatting  these 
pests,  and  houses  and  fixtures  of  simple  construction,  affording  few 
cracks  aid  materially  in  preventing  attacks,  as  they  do  not  afford  the 
protection  necessary  for  the  lice. 

In  keeping  buildings  free  from  lice,  kerosene  must  be  used  freely 
on  roosts,  nest  boxes  and  other  fixtures,  accumulations  of  filth  are  to  be 
avoided  in  every  direction,  and  all  surfaces  on  the  inside  of  the  build- 
ing should  receive  a  coating  of  white- wash   containing  carbolic  acid  at 
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least  twice  a  year.  The  efficiency  of  this  white-wash  is  greatly  in- 
creased if  applied  with  spray.  Litter  on  the  floor  of  pens  and  in  the 
nest  boxes  should  be  renewed  frequently  and  insect  powder  scattered 
in  the  nests.  Kerosene  emulsion  is  valuable  particularly  for  the  flees 
and  mites  and  is  best  applied  with  a  spray  pump  and  made  as  follows: 
Kerosene,  1  gallons;  water,  1  gallon,  soap,  ^  pound.  Dissolve  the  soap 
in  the  water  by  boiling,  and  while  hot  turn  in  the  kerosene  and  churn 
briskly  for  5  minutes.  This  solution  is  sufficient  for  about  15  gallons 
of  spray  solution.  Six  ounces  of  crude  carbolic  acid  to  the  gallon  of 
water  (hot)  also  makes  a  very  good  solution  to  use  as  a  wash  for  roosts, 
n^st  boxes  or  floors,  when  cleaning  out. 

The  largest  number  of  deaths  from  these  pests  occurs  from  the 
large  grey  louse  whi3h  attacks  young  chicks.  These  lice  are  found  on 
almost  all  chicks  which  have  been  hatched  under  hens  and  annually 
kill  thousands  of  yoimg  chicks.  It  is  a  good  practice  to  grease  lightly 
the  back  of  the  head  and  under  the  wings  on  all  young  chicks 
which  are  hen  hatched,  the  lice  confining  themselves  almost  entirely 
to  those  parts.  Common  lard  serves  the  purpose  but  we  have  used 
carbolated  vaseline  and  find  it  preferable. 

The  red  mite  is  combated  more  effectually  with  kerosene  applied 
to  the  hiding  places,  by  the  use  of  insect  powder  on  the  fowls  and  by 
providing  opportunities  for  dusting 

The  mite  causing  scaly  leg  is  a  particularly  annoying  pest  and 
very  prevalent.  It  barrows  under  the  scales  on  the  legs  and  by  its 
irritation  causes  an  exudation  of  which  the  enlarged  scaly  portion  is 
formed.  The  heavier  breeds  of  fowl  are  most  affected  by  this  pest,  the 
Mediterranean  classes  apparently  resisting  its  attack  to  a  marked 
extent. 

In  order  to  avoid  the  spread  of  this  disease  it  is  well  to  isolate 
affected  birds  when  treating  them  in  order  to  prevent  the  infection  of 
the  rest  of  the  flock.  In  order  to  reach  the  parasite  it  is  necessary  to 
soak  off  the  scaly  crust  with  warm  soapy  water  and  then  caretuUy  re- 
move to  avoid  bleeding.  The  legs  should  then  be  moistened  daily 
for  three  or  four  days  with  balsam  of  Peru  or  10  per  cent,  creolin 
ointment. 
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INTRODUCTION. 


This  first  Report  of  the  State  Entomologist  of  Montana  contains 
.an  account  of  a  few  of  the  most  important  insect  pests  of  Montana 
and  in  addition,  a  fairly  complete,  though  condensed,  manual  of 
insect  pests.  *  This  manual  is  intended  to  put  in  easily  accessible 
form  the  most  important  information  regarding  a  large  number  of 
insects  now  in  the  state  or  liable  to  be  introduced. 

Considering  the  great  importance  of  the  codling  nfoth,  the 
reader  will  perhaps  expect  to  find  an  account  of  it  in  this  report. 
However,  such  an  account  is  omitted  for  two  reasons,  first,  a  report 
on  this  pest  was  issued  from  the  Experiment  Station  a  few  months 
ago,  copies  of  which  are  still  available  for  distribution,  and,  second, 
it  is  intended  to  conduct  further  investigations  on  this  pest  during 
the  coming  summer  (1904)  and  we  shall  desire  to  publish  those 
results  one  year  from  now.  In  view  of  the  fact  that  the  codling 
moth  will  for  years  to  come  be  the  most  important  insect  pest  with 
which  Montana  apple  growers  will  have  to  contend,  it  is  our  inten- 
tion to  make  the  next  report  upon  the  subject,  the  most  complete 
and  practical  that  has  yet  been  issued  from  this  Station. 

In  view  of  the  great  economic  importance  of  grasshoppers 
and  because  of  the  unusual  demand  for  information  concerning  them, 
we  have  given  them  prominence  in  this  report. 

We  renew  our  statement  of  willingness  to  answer  inquiry  re- 
garding insect  pests.  Such  requests  for  information  should  always 
be  accompanied  by  specimens  of  the  insects  that  are  doing  the 
damage  and  a  statement  of  the  facts  necessary  for  our  information 
in  making  recommendations. 

Every  vegetable  product  of  the  soil  is  subject  to  the  attack  in 
insect  life  and  every  crop  that  is  grown  by  men  is  more  or  less  in- 
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jured  by  insect  pests.  These  injuries  may  be  so  conspicuous  as  to 
force  themselves  upon  our  notice  or  they  may  be  so  hidden  and  in- 
sidious as  to  escape  detection  except  by  the  most  observant.  The 
farmer  may  suffer  heavy  financial  loss,  or  because  of  the  higher 
price  which  comes  as  a  result  of  a  shortness  in  the  crop,  he  may  be 
only  slightly  affected.  In  the  latter  case  the  general  public  become 
the  suffers,  but  in  all  cases,  losses  through  depredations  of  insects 
come  out  of  the  coffers  of  man,  if  not  out  of  his  daily  bread. 

Considering  the  great  agricultural  possibilities  of  this  state, 
together  with  the  fact  that,  incidental  to  commercial  practices,  in- 
jurious insects  new  to  this  region  are  constantly  liable  to  introduc- 
tion, it  is  very  important  that  every  possible  means  be  imployed  to 
prevent  the  introduction  and  spread  of  pests  of  all  horticultural  and 
agricultural  plants. 

All  rational  means  of  defense  against  injuries  from  animals  of 
this  class  are  based  on  a  more  or  less  intimate  knowledge  of  the  life 
history  and  habits  of  the  insects.  It  is  apparent,  therefore,  that  as 
a  defensive  measure  the  acquiring  of  a  knowledge  of  life  histories  of 
the  insect  destroyers  of  our  crops  is  of  great  practical  value  and 
must  always  precede  quarantine  and  medical  work. 

Again,  in  order  that  investigations  may  be  safeguarded  against 
danger  of  becoming  narrow  and  losing  their  practical  setting,  it  is 
obviously  necessary  that  they  be  conducted  not  only  in  the  entomolo- 
gist's office  or  in  one  locality,  but  in  the  field  and  throughout  the 
state. 

Realizing  the  truth  of  these  statements  the  Entomological  De- 
partment of  the  Experiment  Station  is  centralizing  its  efforts  on  the 
accumulation  of  information  regarding  species  of  insects  that  are 
now  or  may  become  injurious  and,  obedient  to  the  Act  of  the  Eighth 
Legislative  Assembly,  whereby  the  office  of  State  Entomologist  was 
created,  is  making  its  observations  and  conducting  its  experiments 
in  all  parts  of  the  state. 
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THE  BUD  nOTH. 


Tmetocera  ocellana    Schrif. 

The  bud  moth  was  first  discovered  in  this  country  in  1841  in 
Massachusetts  and  was  at  that  time  doing  considerable  damage.  In 
1869  it  was  pronounced  the  most  injurious  enemy  of  the  apple 
tree,  next  to  the  canker-worm,  in  the  state  of  Massachusetts. 
Since  that  time  it  has  been  spreading  westward  and  has  at  times 
been  very  destructive,  notably  in  1891  throughout  Massachusetts, 
New  York  and  Canada  and  again  in  Michigan  in  1892.  It  now 
occurs  throughout  Northern  United  States  from  the  Atlantic  to  the 
Pacific  ocean  but  is  much  more  thoroughly  distributed  in  the  east 
than  in  the  west.  It  has  been  found  as  far  south  as  Washington, 
D.  C. 

For  fully  fifty  years  previous  to  the  time  the  insect  was  first  de- 
tected in  Massachusetts  it  was  a  well  known  and  destructive  species 
in  Europe.  There  can  be  little  doubt  that  it  was  introduced  into 
America  from  Europe  on  young  trees,  intended  for  planting. 

OCCURRENCE  IN  MONTANA. 

While  engaged  in  certain  investigations  concerning  the  codling 
moth  in  Missoula  in  the  spring  of  1902  the  writer's  attention  was 
called  to  trees  in  the  h6me  orchards  on  Front  street,  Missoula,  the 
foliage  of  which  showed  distinct  signs  of  injury  by  insects.  On 
examination  it  was  found  that  the  injury  was  caused  by  the  bud 
moth.  The  vernal  form  of  the  larva  was  doing  rather  serious 
damage  on  many  trees.  The  buds,  both  leaf  and  flower,  were  severe- 
ly injured  and  a  large  proportion  of  the  expanding  clusters  of  leaves 
were  tied  together,  each  containing  one  of  more  nearly  full-grown 
larvae  which  were  feeding  voraciously.  Beside  occurring  through- 
out Missoula  and  in  the  orchards  just  outside  of  the  city,  the  insect 
is  also  gaining  a  foothold  for  a  considerable  distance  up  the  valley 
of  the  Bitter  Root  river. 

IMPORTANCE  OF  THE  PEST. 
To  jast  what  extent  this  insect  will  be  destructive  in  Montana's 
climate,  if  it  becomes  generally  distributed,  cannot  be  foretold.    Ex- 
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perience  of  other  localities  has  distinctly  shown  that  its  injuries  will 
be  more  severe  some  years  than  others.  For  the  present,  at  ISast^ 
Montana  fruitgrowers  should  look  upon  it  as  a  pest  of  first-class 
importance.  They  should  inform  themselves  concerning  the 
habits  and  appearance  of  the  insect  in  all  its  stages  and  should 
be  on  the  lookout  for  it  in  the  orchard. 

Spraying  does  not  appear  to  be  effective  in  killing  the  larvae 
Should  the  moth  be  admitted  to  the  nurseries  of  the  state  it  would 
be  very  unfortunate  not  only  for  the  nursery  men  but  also  for  the 
persons  who  purchase  trees  from  them. 

NATURAL  HISTORY  AND  HABITS. 

The  larva  or  so-called  worm  spends  the  winter  in  a  temporary 
cocoon  or  hibemaculum  on  the  trees.  These  hibemacula  are  re« 
markable  objects  in  that  they  so  closely  resemble  the  bark  and  the 
felty  surface  of  the  young  twigs  as  to  be  very  difficult  of  detection 
even  by  a  trained  eye.  They  are  closely  secreted  in  crevices  around 
the  buds  or  in  the  depressed  scars  that  mark  the  spots  where  leaves 
were  attached.  They  are  about  one-sixteenth  of  an  inch  across  and 
though  made  principally  of  the  silken  secretion  that  is  produced  from 
the  silk  organs  of  the  mouth  of  the  caterpillar,  they  contain  enough 
of  the  surface  parts  of  the  surrounding  bark  to  make  them  very  in- 
conspicuous. 

Besides  occurring  on  the  twigs  as  has  been  described  by  various 
authors,  the  writer  has  found  them  also  under  the  scales  of  bark  in 
association  with  the  hibernating  larvae  of  the  codling  moth. 

In  the  spring  of  the  year  at  about  the  time  the  buds  are  swelling,, 
the  larvae,  which  are  dark  brown  with  black  heads,  emerge  from 
their  winter  quarters  and  crawl  to  the  buds.  Observation  is  lacking 
in  Montana  as  to  the  precise  time,  compared  to  the  opening  of  the 
buds,  that  they  arrive.  It  is  probable,  however,  that  in  this  respect  the 
habits  would  not  vary  much  between  here  and  other  climates,  for 
Ihe  same  conditions  of  weather  revive  both  insect  and  plant 
life.  Without  much  doubt,  while  a  few  larvae  arrive  early  enough 
to  make  it  necessary  for  them  to  bore  into  unexpanded  buds  in  order 
to  get  food,  the  majority  of  them  reach  the  buds  after  they  have 
begun  to  open.     In  both  cases,  alike,  the  larvae,  which  at  this  time 
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are  less  than  a  quarter  ot  an  inch  in  length,  go  at  once  to  the  tender, 
inner  part  of  the  bud,  where  they  teed  on  the  tender  parts  and  do 
great  injury,  often  destroying  the  terminal  growing  portion  of  the 
twig.  If  the  bud  be  a  fruit  bud  it  likewise  is  destroyed,  thereby 
preventing  the  possibility  of  the  production  of  fruit. 

The  destruction  of  the  terminal  bud  prevents  the  further  elonga- 
tion of  the  twig  and  at  the  same  time  causes  some  lateral  bud  to 
grow  into  a  principal  stem.  While  in  some  cases  such  an  unatural 
growth  is  not  a  disadvantage,  in  many  cases  the  result  is  a  very 
undesirable  shape  of  tree.  This  is  particularly  true  of  young  trees 
in  the  nursery  row. 

The  larva  soon  makes  use  of  one  of  the  more  advanced  leaves 
in  the  construction  of  a  tubular  retreat,  which  constitutes  its  home 
and  from  which  it  emerges  from  time  to  time  to  feed.  In  feeding, 
it  draws  in  other  leaves  and  fastens  them  together  into  a  sort  of 
nest  which  is  very  characteristic  of  the  species.  Some  of  the 
leaves  become  detached,  but  being  bound  to  the  other  leaves  fail  to 
drop  to  the  ground,  thereby  making  the  nest  all  the  more  conspicu- 
ous, because  of , the  brown  leaves  among  the  green.  A  badly  infest- 
ed tree  therefore  has  a  decidedly  unnatural  appearance. 

The  larvae  continue  to  feed  in  these  nests  until  they  reach  full 
growth,  when  they  construct  cocoons  in  which  the  remarkable 
change  from  the  larva  to  the  pupa  and  from  the  pupa  to  the  moth 
is  to  take  place.  The  full  grown  larva  is  a  half  inch  in  length,  nearly 
naked  and  of  a  brown  color  with  glossy  black  head  and  shield  just 
behind  the  head.     See  plate  I,  (figure  7). 

The  cocoon  is  constructed,  in  many  cases,  in  the  tubular  re- 
treat  occupied  by  the  larva.  The  walls  are  thickened  and  the  ends 
closed  up,  thereby  preventing  the  entrance  .of  parasites,  while  the 
moth  lies  in  the  defenseless  pupa  stage.  Other  cocoons  are  made 
at  any  convenient  place.  Sometimes  they  occur  in  a  fold  of  an 
otherwise  uninjured  leaf. 

In  due  time,  61  about  two  weeks  from  the  time  the  larva 
changed  to  a  pupa,  the  moth  appears.  The  pupa  works  its  way  out 
of  the  end  of  the  cocoon,  aided  by  the  hook  on  its  back,  and  the 
anterior  end  splits,  thus  setting  free  the  moth,  which  crawls  out, 
expands  and  dries  its  wings  and  flies  away.    In  Missoula  the  moths 
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appear  from  about  the  first  to  the  twenty-fifth  of  July. 
•  The  moths  are  most  active  during  the  night,  remaining  quiet 
during  the  day  on  the  bark  of  the  tree,  which  they  closely  mimic. 
They  are  also  found  to  some  extent  during  the  day  in  the  foliage. 
The  cage  erected  in  Missoula  in  the  spring  of  1902  for 
•the  purpose  of  facilitating  the  study  of  the  habits  of  the 
codling  moth,  has  afforded  us  also  an  opportunity  for  the  close  study 
of  the  bud  moth.  The  bud  moth  was  very  abundant  in  this  cage  in 
1903  and  destroyed  practically  all  the  fruit  buds,  interfering  seriously 
with  our  investigations  of  the  codling  moth.  When  disturbed  or 
frightened  the  moths  often  flew  directly  away  from  the  tree  and  com- 
ing in  contact  with  wire  netting  clung  quietly  to  it  for  a  few  mo- 
ments. In  a  few  moments,  however,  they  flew  back  to  the  tree.  It 
is  plain  that  they  did  not  feel  safe  on  the  netting  and  they  would  not 
have  been  safe  were  it  not  for  the  fact  that  no  birds  could  reach  them 
on  the  inside  of  the  cage.  In  flying  at  such  times  the  moth  pursues 
an  irregular  zig-zag  course  and  comes  immediately  at  rest  on  light- 
ing. 

It  is  worthy  of  special  notice  that  there  is  a  close  resemblance  be- 
tween adults  of  the  bud  moth  and  of  the  codling  moth.  An  experi- 
enced person  need  have  no  difficulty  in  distinguishing  between  the 
two  if  he  has  before  him  fresh  specimens,  but  when  the  scales  of  the 
wings  are  rubbed  oflf  as  they  often  are  in  specimens  captured  in  the 
orchard,  separating  the  two  at  sight  is  not  so  easily  done.  When 
once  placed  on  his  guard,  however,  a  trained  observer  is  not  liable 
to  make  a  mistake.  On  the  other  hand  there  are  many  less  important 
small  moths  in  the  orchard  which  the  untrained  observer  or  the  per- 
son who  has  paid  little  attention  to  insect  life  may  mistake  for  both 
of  these  orchard  pests. 

In  a  few  days  after  emerging  the  moth  begins  to  deposit  eggs.  We 
had  no  difficulty  in  finding  quantities  of  them  in  the  cage  at  Missoula 
and  they  were  invariably  on  tjie  smooth  upper  surface  of  the  leaves. 
Other  writers  have  stated  that  the  eggs  are  laid  singly  or  in  clusters 
and  on  page  61  of  Prof.  Slingerland's  bulletin  on  this  insect  (No.  107, 
Corn.  Univ.  Agric.  Exp.  Sta.  1896),  is  given  a  figure  of  a  group  of 
these  eggs  numbering  about  six,  but  our  observation  shows  plainly 
that  in  Montana  the  eggs  are  laid  singly.     We  have  never  found 
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more  than  two  together.  A  single  egg  is  shown  at  plate  I  (figure  i). 
They  are  usually  oval  in  outline,  some  being  circular  or  nearly  so, 
and  they  measure  sh'ghtly  over  one  mm.  in  length,  including  the  flat 
outer  rim  by  which  they  are  attached  to  the  leaf.  They  are  trans- 
lucent and  almost  colorless  at  first,  but  as  the  embryo  develops  the 
black  head  and  thoracic  shield  of  the  larva  show  through  and  the 
outline  of  the  curled  larva  may  be  distinctly  seen.  The  egg  shell 
reflects  the  prismatic  colors,  both  before  and  after  the  larva  emerges. 

We  have  above  called  attention  to  the  close  resemblance  between 
the  adult  of  the  bud  moth  and  that  of  the  codling  moth.  It  is  even 
more  difficult  to  distinguish  between  the  eggs  of  the  two  species.  In 
size,  shape  and  general  appearance,  they  are  very  similar.  They  are 
laid  in  precisely  the  same  position  on  the  foliage  and  are  deposited  at 
the  same  time.  They  both  reflect  light  and  show  irridescence  alike, 
and  both  are  translucent.  I  know  of  no  way  to  distinguish  between 
the  two  except  by  the  diflFerence  in  the  character  of  the  surface  of 
the  shell  of  the  egg. 

The  hatching  of  the  egg  takes  place  in  from  six  to  ten  days  after 
being  laid,  and,  issuing  from  the  egg,  the  larva  makes  a  hole 
through  the  edge  of  the  central  portion  and  crawls  forth.  Tliis  cater- 
pillar is  greenish  In  color,  very  small  and  delicate  and  it.  at  once  sets 
about  making  a  place  of  retreat  and  protection.  Passing  to  the  un- 
der side  of  the  leaf  it  constructs  a  very  small  silken  tube  near  the 
mid  rib  and  usually  towards  the  base  of  the  leaf.  The  larva  feeds 
from  the  epidermis  and  middle  layers  of  cells  leaving  the  opposite 
epidermis  unbroken.  The  castings  of  the  larva  are  built  into  the 
tube  giving  it  a  black  color.  The  portion  of  the  leaf  from  which  the 
larva  feeds  is  covered  with  silken  threads  laid  down  by  the  larva 
and  whenever  possible  a  near-by  leaf  is  drawn  up  and  fastened  to 
the  first  leaf  by  the  silken  threads.  Thus  one  often  finds  two  leaves 
stuck  together,  and,in  pulling  them  apart,  finds  the  little  black  tube 
of  this  insect.    The  larva  will  not  be  seen  unless  forced  to  crawl  out. 

In  selecting  a  place  in  which  to  construct  -a^^home  the  larva 
searches  for  two  leaves  that  are  near  enough  together  to  be  easily 
brought  in  contact. 

In  the  manner  here  indicated  the  larvae  continues  to  feed  until  some 
time  in  September,  when,  apparently  prompted  by  instinct  they 
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crawl  to  the  twigs,  spin  the  temporary  cocoons  which  they  occupy 
during  the  winter  months,  and  from  which  they  issue  in  the  spring 
and  pass  to  the  buds  as  previously  stated. 

THE  KINDS  OF  TREES  THE  BUD  MOTH  ATTACKS. 

While  this  insect  is  best  known  as  an  apple  pest,  it  feeds  also  on 
pear,  plum,  quince,  peach  and  cherry  trees  and  on  blackberry  bushes, 
in  all  cases  feeding  on  the  buds. 

MEANS  OF  DISTRIBUTION. 

The  manner  of  hibernation  of  the  insect  makes  it  very  easy  for  it 
to  be  distributed  on  nursery  stock,  and  this  is  doubtless  the  way  in 
which  it  has  become  so  widely  distributed.  It  may  be  readily  dis- 
tributed on  scions. 

The  moths  are  capable  of  flying  and  doubtless  go  from  tree  to  tree 
and  from  orchard  to  orchard  but  they  can  only  spread  slowly  in  this 
way. 

NATURAL  ENEMIES. 

It  is  very  probable  that  many  of  these  insects  fall  a  prey  to  the 
birds  that  frequent  the  orchards.  In  fact  it  is  reported  that  birds 
sometimes  eat  the  moths.  There  can  be  little  doubt  that  the  Ore- 
gon chickadee,  that  is  so  common  in  the  orchards  searching  on  the 
trees  for  food,  does  much  good  in  destroying  these  insects.  Various 
other  birds  probably  eat  them  in  Montana. 

It  was  very  noticeable  that  the  tree  which  had  been  inclosed  in  the 
cage  in  Missoula  for  one  year  was  much  more  seriously  affected  by 
Ihis  insect.  'Birds  had,  of  course,  been  excluded. 

A  number  of  parasites  have  been  taken  from  the  bud  moth  in  the 
United  States  and  in  Europe  but  just  how  much  good  they  do  can- 
not be  stated.  I  hlave  reared  an  undetermined  species  from  speci- 
mens of  this  pest  brought  from  Missoula  to  Bozeman  for  study. 

METHOD  OF  PREVENTING  ITS  RAVAGES. 

■ 

In  the  East  this  insect  is  said  to  be  a  very  difficult  one  to  control. 
Just  why  this  is  so  has  never  been  fully  explained,  and  as  yet  we 
lack     a     sufficient     knowledge     of     the     habits     to     enable     us 
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to  state  definitely  the  cause  of  the  failure  of  remedial  treatment,  but 
there  is  some  reason  to  believe  that  in  Montana  a  large  majority  of 
the  larvae  arrive  after  the  buds  have  opened  enough  to  allow 
them  to  crawl  into  the  narrow  cracks  between  the  expanding  leaves. 
It  is  instinctive  with  these  larvae  to  get  out  of  sight  as  soon  as  pos- 
sible, and  once  inside  the  opening  buds  with  a  few  leaves  tied  to- 
gether into  a  nest,  sufficient  food  for  the  remainder  of  the  larval  life 
is  protected  in  such  a  way  as  to  make  it  difficult,  if  not  impossible,  to 
get  the  poison  in  contact  with  the  food. 

If  on  arriving  at  the  bud,  the  larvae  finds  its  sufficiently  open  to 
allow  it  to  crawl  in,  in  all  probability  very  little  food  is  taken  from 
the  surface  parts.  If,  on  the  other  hand  the  bud  is  still  closed,  more 
or  less  of  the  surface  is  eaten  in  boring  to  the  center.  If  the  part  of 
the  bud  through  which  the  larvai  eats  its  way  is  coated  with  a  pois- 
on, a  fatal  dose  may  be  taken  but  at  this  season  of  the  year  the  buds 
are  very  rapidly  swelling  and  a  bud  that  is  well  coated  one  day  may 
two  days  later,  on  account  of  the  expansion  of  the  surface  parts,  be 
so  insufficiently  covered  as  to  be  harmless  to  the  larva  that  enters  it. 
As  is  well  known  to  all  fruit  growers,  some  tfees  expand  their  leaves 
earlier  than  others,  and  again  peach  buds  open  before  most  apple 
buds. 

Again,  after  the  bud  may  be  said  to  be  fully  expanded  the  inner 
terminal  growing  shoot  continues  to  put  forth  new  leaves.  These 
leaves  are  the  ones  that  form  the  food  of  the  larvae  and  they  expand 
within  the  nest  where  they  are  not  easily  reached  with  a  spray. 

Considering  how  admirably  the  insect  is  protected  by  nature  and 
its  own  habits,  its  control  when  in  its  spring  nest  is  at  least  un- 
certain. 

The  problem  is  less  perplexing  when  only  nursery  trees  or  trees 
in  a  young  orchard  are  concerned.  Under  such  circumstances  hand 
picking  of  the  nests  should  be  very  satisfactory.  In  picking  the 
nests,  however,  care  should  be  taken  not  to  allow  the  larvae  to  es- 
cape to  the  ground  for  they  would  probably  return  to  the  trees.  A 
pail,  not  a  basket,  shold  be  used  in  gathering  the  nests,  which  should 
be  burned  or  thoroughly  saturated  with  kereosene  oil.  If  left  in  a 
pile  at  the  side  of  the  field,  the  chances  are  that  some  of  the  larvae 
would  complete  their  development  to  the  moth  and  fly  to  the  trees. 


208       .  MONTANA  EXPERIMENT  STATION. 

- 

•  There  seems  to  bt  some  promise  of  good  results  from  the  use  of 
summer  sprays  applied  at  the  time  the  eggs  are  hatching.  As  is 
indicated  en  a  previous  page,  the  very  young  larva  on  hatching  from 
the  egg  passes  to  the  under  side  of  some  leaf  where  it  spins  a  delicate 
tube  from  the  end  of  which  it  issues  for  getting  its  food  which  it 
takes  from  the  surface  parts  of  the  leaf.  If  this  part  of  the  leaf  be 
coated  with  a  poison,  the  treatment  should  be  successful.  It  would 
be  necessary  to  get  the  coating  on  before  the  larva  spins  its  web  on 
the  surface.  The  spray  should  be  directed  against  the  under  side  of 
the  leaves. 

For  this  purpose  we  recommend  the  use  of  arsenate  of  lead  in  pre- 
ference to  Paris  gieen  on  account  of  the  much  greater  adhesive 
quality  of  the  former  insecticide.  Arsenate  of  lead  sticks  to  the  foli- 
age through  severe  rain  storms  and  when  applied  in  the  spring  may 
b6  found  still  adhering  in  the  fall  giving  a  whitish  color  to  the  leaves. 
For  this  reason  it  has  a  particular  advantage  in  the  treatment  of  the 
newly  hatched  larvae  of  the  bud  moth. 

In  controlling  the  insect  we  recommend  the  following: 

(i).  Pick  by  hand  and  destroy  the  nests  on  nursery  ami  young 
orchard  trees. 

(2).  Spray  thoroughly  with  arsenate  of  lead  in  the  spring  of  the 
year  just  as  the  buds  are  expanding. 

3).  Spray  thoroughly  with  arsenate  of  lead  about  June  15..  Give 
particular  attention  to  coating  the  under  surface  of  the  foliage. 

CONCLUSION. 

This  is  a  serious  insect  pest  and  one  that  the  fruit  grower  would 
do  well  to  become  familiar  with  and  suppress  before  it  takes  pos- 
session of  his  orchard. 
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THE  OYSTER-SHELL  BARK-LOUSE. 


Lepidosapbes  ulmi    (Linn.) 

This  widely  known  injurious  species  is  the  only  scale  insect  of  im- 
portance to  the  fruitgrower  that,  so  far  as  is  known  to  the  writer,  has 
been  recognized  in  Montana.  It  appears  to  be  generally  distributed 
in  the  state,  particularly  west  of  the  main  divide,  where  in  some 
cases  it  has  proved  to  be  a  serious  enemy  to  apple  trees.  One  orchard 
of  800  trees  in  the  Bitter  Root  valley  is  so  badly  infested  as  to  show 
its  sickly  condition  at  a  considerable  distance.  Nearly  every  smaller 
limb  and  twig  on  the  greater  number  of  the  trees  is  thickly  incrusted. 

There  can  be  little  doubt  that  this  scale  insect,  which  was  known 
in  Europe  upward  of  a  century  ago,  was  imported  into  America  on 
nursery  stock  by  the  early  settlers  and  later  transferred  to  Mon- 
tana from  other  parts  of  the  United  States  in  the  same  way. 

FOOD  PLANTS. 

The  oyster-shell  bark-louse  has  been  recorded  on  a  large  number 
of  food  plants,  the  total  number  for  America  being  about  forty.  The 
list  included,  beside  apple  and  pear,  various  other  fruits  and  prac- 
tically all  the  more  important  shade  trees  of  northern  United  States. 

Dr.  Howard  has  suggested  that  eventually  two  species  instead  of 
one  may  be  found  in  the  series  in  the  list  of  food  plants. 

LIFE  HISTORY  AND  HABITS. 

If  during  the  winter  one  of  the  female  scales  be  turned  over  it  will 
be  foimd  to  contain  a  mass  of  very  minute  yellowish-white 
^ggs,  and  in  the  pointed  anterior  end  of  the  scale,  the  shrivelled 
body  of  the  female.  Dr.  Howard  has  found  the  eggs  under  each 
scale  to  vary  in  number  from  42  to  86. 

In  the  New  England  states  these  eggs  hatch  about  the  first  of 
June,  varying  in  different  years  according  to  the  forwardness  of  the 
season..  We  have  had  but  little  opportunity  to  make  observation  on 
this  point  in  Montana,  and  have  but  one  record.  On  June  5,  1903, 
none  of  the  eggs  had  hatched  at  Lo  Lo.  The  young  (Fig  3,  c.)  are 
able  to  walk  immediately  after  hatching,  and  working  their  way  out 
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from  under  the  protecting  cover  of  the  parent  scale  they  crawl  to 
other  parts  of  the  twigs,  principally  to  the  young  shoots  which  at 
that  time  of  year  are  tender  and  succulent.  In  rare  cases  they  settle 
on  the  fruit  of  the  apple  and  pear. 

After  settling  down  and  inserting  into  the  bark  the  long  thread- 
like hairs  through  which  the  juices  of  the  plant  are  extracted,  the 


letrom  (ibo»<-,  ireatly  enlarged;    c.  temale 
l".  B.  Dept.  ol  Agr.) 

insect  goes  through  remarkable  changes.  From  pores  in  the  back, 
principally  at  the  hinder  part  of  the  body,  a  glandular  secretion  ap- 
pears, and  from  it  the  scale  is  formed.  The  female  molts  or  casts  the 
outer  skin  twice  and  the  male  once.  The  cast  skins  are  incorporated 
in  the  scales  (See  Fig.  2,  b).  After  molting  both  sexes  continue  to 
grow,  the  female  attaining  a  much  larger  size  than  the  male;  com- 
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pare  b.  and  d.  of  Fig.  2  The  scales  indicate  approximately  the  com- 
parative sizes  of  the  insects  under  them..  The  mature  male  and  fe- 
male are  very  dissimilar  in  appearance.  The  male  has  long  anter- 
nae,  a  pair  of  eyes,  three  pairs  of  legs,  one  pair  of  wings  and  at  the 
end  of  the  abdomen  a  long  sharp-pointed  organ.  The  female  has  no 
antennae,  eyes,  legs  or  wings,  these  parts  all  being  lost  in  the  first 
molt.  When  mature,  the  body  of  the  female  reaches  to  the  posterior 
end  of  the  scale,  but  as  the  eggs  are  laid  the  body  shrinks  and  be- 
comes shortened  and  when  the  full  number  of  eggs  has  been  laid  it 
may  be  found  lifeless,  at  the  anterior  end,  the  cavity  under  the  scale 
now  being  occupied  with  the  eggs.  As  previously  stated,  in  this  con- 
dition the  insect  passes  the  winter.  The  adult  male  and  female  are 
shown  at  Fig.  3. 

In  the  northern  part  of  the  United  States  there  is  only  one  annual 
generation  but  in  the  South  there  are  two. 

REMEDY. 

Insects  of  this  character,  covered  as  they  are  by  a  scale  that  fits 
closely  to  the  bark,  are  not  easily  killed  by  contact  insecticides.  The 
most  vulnerable  point  in  their  life  appears  to  be  just  at  the  time  the 
3'oung  are  hatching  and  settling  on  the  bark.  We  have  previously 
recommended  the  use  of  kerosene  emulsion  as  a  remedy  for  this 
insect,  in  the  strength  of  one  part  to  nine  of  water.  Various  reports 
to  the  effect  that  this  treatment  has  not  been  effective  in  Montana, 
have  come  to  this  office,  but  inquiry  has  shown  that 
in  all  these  cases  there  is  no  certainty  that  the  ap- 
plication   was    made    at    the    correct    time.  We    can  do  no    better 

than  to  repeat  our  previous  recommendation  to  watch  closely  for  the 
hatching  of  the  eggs  about  the  first  of  June  and  spray  with  with 

kerosene  to  the  strength  above  mentioned,  after  the  young  have 
hatched.  If,  after  a  few  days,  more  living  lice  are  found  the  treat- 
ment may  be  repeated. 

EXPERIMENTS  WITH  LIME,  SULPHUR  AND  SALT  WASH 

AS  A  REMEDY. 

We  take  this  opportunity  to  present  the  results  of  experiments 
conducted  at  Lo  Lo,  Montana,  in  the  early  spring  of  1903,  for  the 
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puropse  of  determining  the  value  or  non-value  of  the  lime,  sulphur 
and  salt  wash,  and  certain  modifications  of  the  wash,  as  a  means  of 
destroying  the  eges  of  this  scale  insect. 

The  experiments  were  conducted  in  the  apple  orchard  of  Mr. 
Delaney.  -M  the  time,  pear  buds  were  swollen  almost  to  the  point 
of  expanding  their  lirst  leaves  and  apple  buds  were  slightly  swollen. 


The  trees  are  large  and  were  badly  infested  with  this  insect.  Seven 
to  nine  trees  were  used  in  each  experiment,  each  lot  being  sprayed 
with  a  different  mixture,  but  the  total  number  of  trees  used  consti- 
tuted but  a  small  proportion  of  the  orchard.  The  spraying  was  done 
April  21  and  22. 
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One  lot  was  sprayed  with*  the  wash  as  follows : 

Lime  I  pound.       '[ 

Sulphur  I  pound. 

Salt I  pound. 

Water  4  gallons. 

Lot  two  was  sprayed  with  the  following : 

Lime   i  pound. 

Sulphur I  pound. 

Water  4  gallons. 

Lot  three  was  spi  ayed  with : 

Lime yi  pound 

Sulphur I  pound. 

Water  4  gallons. 

In  the  fourth  lot  lime  only  was  used  as  follows : 

Lime   i  pound. 

Water  8  gallons. 

Two  subsequent  visits  were  made  to  the  orchard,  one  before  the 
hatching  of  the  eggs  and  one  after,  but  I  could  not  find  the  least 
evidence  of  any  good  having  been  accomplished  by  any  of  the  four 
treatments. 
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APPLE  LEAF-APHIS. 


Aphis  pomi     DeG. 

.  A  few  years  ago  practically  all  the  accounts  of  plant  lice  on  the 
foliage  of  apple  trees  were  written  of  one  species,  which  was  known 
under  the  scientific  name,  Aphis  mali  Linn.  Dr.  John  B.  Smith,  of 
Rutgers  College,  New  Jersey,  and  others,  had  noticed  that  accounts 
of  the  insects  in  other  localities  did  not  agree  with  their  own  observ- 
ations, but  not  until  Prof.  E.  Dwight  Sanderson*  published  the  results 
of  his  investigations,  was  it  made  clear  that,  instead  of  having  one 
apple  aphis  in  the  I'nited  States  we  have  several. 

We  have  at  least  two  species  in  Montana,  but  one  of  these,  the 
Apple  Leaf-aphis,  is  far  more  common  than  the  other  and  is  respon- 
sible for  practically  all  the  injuries. 

CHARACTER  AND  EXTENT  OF  INJURY. 

No  fruit  pest  has  been  more  frequently  inquired  about  in  the  let- 
ters to  this  Station  than  has  this  aphis.  These  letters,  as  well  as  the 
writer's  experience  in  various  parts  of  the  state,  show  conclusively 
that  the  species  are  very  troublesome  and  at  times  a  very  injurious 
pest.  It  is  universally  felt  that  as  a  rule  young  trees  are  much  more 
susceptible  to  attack  than  trees  in  bearing.  The  writer's  field  notes  re- 
cord one  notable  exception  to  this  in  the  case  of  a  large  orchard  in 
Flathead  county,  composed  of  trees  which  had  been  in  bearing  for 
many  years,  which  were  so  badly  infested  as  to  have  the  foliage  with- 
ered, and  the  fruit  undersized  and  poor. 

A  prominent  characteristic  of  the  work  of  the  aphis  is  the  curling 
of  the  leaves.  In  this  respect  there  is  a  marked  difference  between 
the  eflfect  on  the  tree  of  the  work  of  this  species  and  of  "Fitche's 
apple  aphis,"  which,  on  the  whole,  is  more  common  in  the  United 
States.  In  curling,  the  deformed  leave  usually  takes  a  characteristic 
shape.  The  surface  becomes  irregularly  raised  and  the  whole  leaf  curls 
bringing  the  under  surface  inside  and  the  upper  surface  exposed.  The 
tip  of  the  leaf  rests  upon  its  base,  not  in  the  middle,  but  to  one  side 
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or  the  other  of  the  mid-rib.  The  lice  live  inside  of  the  curled  leaf,  a 
fact  which  has  much  to  do  with  the  difficulty  in  controlling  them 
with  insecticidal  spiays. 

There  is  some  reason  to  believe  that  the  presence  of  the  lice  in 
large  numbers  on  a  tree  has  the  effect  of  keeping  the  sap  in  the 
tree  late  in  the  fall,  thereby  making  it  more  liable  to  injury  by 
cold  weather.  It  's  certain  that  badly  infested  leaves  on  the  ends  of 
the  new  growth  often  fail  to  mature  and  remain  on  the  tree  through- 
out the  winter.    This  is  often  noticeable  on  trees  in  the  nursery  row. 

The  general  injurious  effect  of  the  lice  is  to  check  the  normal 
growth  of  the  tree.  This  office  has  many  records  of  this  effect  in  a 
serious  degree. 

We  have  never  foiind  this  louse  occurring  in  great  numbers  on  the 
young  buds  in  the  spring  as  is  often  the  case  with  "Fitche's  apple 
aphis."  As  a  rule,  only  a  few  scattering  lice  are  to  be  found 
early  in  the  season,  and  our  exeprience  has  shown  that  frequently 
only  here  and  there  a  tree  will  be  found  infested  in  the  spring  of  the 
year,  though  as  the  season  progresses  the  lice  will  gradually  spread 
throughout  the  orchard. 
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DESCRIPTION  AND  LIFE  HISTORY. 

Like  many  other  plant  lice,  the  apple-aphis  passes  the  winter  in 
the  egg  state.  In  the  spring  the  eggs  hatch,  producing  very  minute, 
dark  greenish  lice  which  may  be  found  crawling  about  over  the  sur- 
face of  the  bark  or  closely  nestled  on  the  young  buds  and  expanding 
leaves. 

The  spring  of  1902  was  looked  upon  as  being  very  cold  and  back- 
ward in  the  Gallatin  valley,  and  the  writer  was  much  surprised  in 
going  into  the  Station  orchard  on  April  i6th  to  find  an  abundance  of 
newly  hatched  lice.  The  buds  had  not  started  and  were  no  more 
swollen  than  they  were  the  fall  before.  There  had  been  a  few  days 
of  hot  weather  which  had  caused  the  lice  to  hatch,  but  had  not  been 
of  long  enough  duration  to  start  the  buds.  Part  of  the  lice  had  been 
feeding  and  had  distinctly  increased  in  size. 

On  April  19  a  cold  storm  came  and  on  the  20th  there  were  about 
three  inches  of  snow.  For  the  next  few  days  the  writer  was  out  of 
town,  but  on  May  I  the  trees  were  examined  and  the  lice  were  found 
to  have  been  nearly  all  killed.  Only  two  living  qnes  could  be  found 
and  many  dead  bodies  were  still  attached  to  the  twigs.  Since  that 
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time,  we  have  observed  a  similar,  though  less  extensive,  early  hatch- 
ing and  killing  of  the  lice. 

If  not  destroyed  by  natural  enemies  or*  climatic  conditions,  the 
young  lice  in  due  time  become  mature  and  begin  to  produce  young. 
Dr.  Smith  of  New  Jersey*  found  that  about  fifteen  days  were  requir- 
ed for  the  first  generation  to  reach  maturity  after  hatching.  The  lice 
are  known  as  the  **Stem  mothers,"  (See  Fig.  4,  b).  They  are  wing- 
less and  are  greenish  in  color.  No  males  are  produced  from  the  eggs 
and  the  stem  mothers  are  able  to  produce  young  without  them. 

The  young  of  the  second  generation  (oflFspring  of  the  stem  moth- 
ers) are  produced  alive — not  hatched  from  eggs — and  are  able  to 
begin  feeding  almost  immediately.  They  settle  down  near  the  moth- 
er and  one  may  often  find  a  stem  mother  with  her  large  family  close 
by  her.  Our  office  notes  show  that  the  stem  mother  gives  birth  to 
young  at  the  rate  of  from  one  to  fourteen  per  day,  and  that  she  con- 
tinues day  after  day  for  fully  eighteen  days,  producing  an  average 


Figure  6,     Male  of  the   oviparous 
generation  greatly  enlarged.  (Bander- 
ton    14th   Ann.    Kept.    X.   J.    Exp. 
Station. 


number  of  about  six  or  seven.    Thus   each   stem   mother  produces 
fully  100  young. 
*Bulletin  143  of  the  N.  J.  Experiment  Station. 
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Dr.  Smith  found  that  the  second  generation  matures  in  nine  or  ten 
days  and  that  of  this  series  about  three-fourths  are  winged;  that  the 
third  series  matures  in  about  two  weeks,  less  than  one-half  being 
winged  and  that  thereafter  no  more  winged  forms  appear  but  that 
seven  series  of  parthenogenetic  females  in  all  appear  before  the  end 
of  the  season.  The  8th  and  last  series  is  made  up  of  males  and  females. 
Late  in  October,  after  the  mating  of  the  sexes,  the  females  deposit 
the  eggs  which  remain  on  the  trees  during  the  winter.  Figure  4, 
right  hand  figure,  shows  an  oviparous  female.  Figure  6,  a  male  of 
the  oviparous  generation. 

A  part  or  all  of  the  winged  individuals  of  the  early  generations  fly 
to  other  trees.    A  winged  parthenogenetic  female  is  shown  at  Fig.  5. 

The  eggs  are  minute,  glossy  black  objects,  oval  in  shape.  They 
may  be  found  on  any  part  of  the  tree  from  the  base  of  the  trunk  to  the 
tips  of  the  twigs,  and  are  usually  more  abundant  in  the  crevices  of 
the  bark  and  around  the  buds  than  on  the  exposed,  smooth  surfaces. 

A  very  large  proportion  of  the  eggs,  probably  upward  of  90  per 
cent,  failed  to  hatch  during  the  three  years  that  we  had  the 
species  under  special  study. 

NATURAL  ENEMIES.  

Of  the  various  ratural  enemies  that  feed  upon  the  plant  louse, 

none  is  of  greater  value  than  the  Fire-marked  Lady-bug  {Hyperas- 

pis  5'Signata) ,  Next  in   importance  are  certain  species  of  syrphus 

flies.  .  Besides  these  we  have  observed  a  Braconid  parasite,  a  small 

fly  that  has  not  yet  been  named  and  the  "Aphis  Lion." 

After  two  years  of  close  observation  of  the  babits  of  this  lady- 
bug  we  are  prepared  to  say  that  it  is  a  very  prominent  factor  in  the 
prevention  of  the  aphis  from  becoming  exceedingly  abundant  and 
destructive.  During  the  latter  part  of  May  and  in  June  the  beetles 
were  found  in  great  numbers  in  the  Experiment  Station  orchard,  and 
in  various  other  orchards,  running  rapidly  over  the  limbs  and  twigs 
in  search  for  the  young  aphids.  The  number  they  eat  when  in  con- 
finements is  astonishing. 

In  a  previous  paragraph  we  have  called  attention  to  the  fact  that 
only  a  comparatively  small  number  of  stem  mothers  are  to  be  found 
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early  in  the  season  and  that  the  large  numbers  to  be  found  later  in 
the  season  is  the  result  of  the  rapid  multiplication.     It  is  apparent. 
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therefore,  that  the  comparatively  small  number  of  lice  that  the  bee- 
tles eat  early  in  the  season  must  have  a  great  effect  in  the  abundance 
of  the  lice  later  in  the  season. 

Though  the  larvae  of  this  lady-bug  eat  large  numbers  of  the  lice 
later  in  the  season  when  they  have  become  very  abundant,  we  look 
upon  the  work  that  they  do  as  being  of  much  less  value  than  that  of 
the  adults.  .  j 
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The  Surphits  fly  larvae  are  probably  of  greater  usefulness  than  the 
larvae  of  the  lady-bug  since  they  are  usually  more  abundant,  but  like 
the  beetle  larvae,  they  do  not  appear  on  the  scene  until  the  lice  have 
become  abundant  and  are  multiplying  with  such  rapidity  that  it 
would  require  a  large  number  of  destroyers  to  dispose  of  the  increase 
alone.  Figure  8  illustrates  a  common  species  of  lady-bug  of  the 
East,  while  at  Figure  2,  plate  i,  is  shown  an  adult  of  the  species  here 
discussed.  Figures  3  and  4  of  the  same  plate  show  the  eggs  of  the 
6ame  species  and  at  Figure  5  is  shown  a  full  grown  larva. 


EiguR  8.  The  Two  Spotted  Lady  Bug:  a.  laivb:  b,  mouth  parts  ol  ■amfi  c.  cUv  ot  saine; 
d,  pupa;  e.  adult:  I,  antenna — alt  enlarged.  ( M  arlott  CItculai  7,  Bee.  Beriea,  DlvWoii  of  Ento- 
nw^ogy  U,  a.  Dept.  Agr.) 

REMEDIES  FOR  APPLE  LEAF-APHIS. 

In  spraying  for  this  aphis  we  would  emphasize  the  importance  of 
.watching  for  the  individual  infested  trees  here  and  there  in  the  orch- 
ard and  treating  them  before  the  lice  spread  to  the  other  trees.  In 
other  words,  the  ^spraying  for  the  apple  leaf-aphis  should  be  done  and 
out  of  the  way  early  in  the  season,  for  under  ordinary  circumstances, 
.when  vigorously  fought  early  in  the  summer,  though  some  Itce  es- 
cape, there  will  be  .'^o  few  left  that  the  natural  enemies  will  be  able 
to  keep  them  from  overrunning  the  orchard. 

The  value  of  prompt  treatment  is  apparent  when  we 
realize  the  enormous  power  of  multiplication  with  which 
nature     has     endowed     these     insects.      In     a     previous     para- 
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graph  we  have  shown  that  the  stem  mother's  maxi- 
mum power  of  production  is  upward  of  loo  young,  and  i^ 
is  probable  that  later  generations  can  give  birth  to  a  similar  number. 
Acting  on  the  basis  that  all  of  the  young  of  each  generation  come 
to  maturity  and  produce  the  full  unmber  of  young,  we  find  that  the 
progeny  of  one  stem  mother  during  one  summer  is  something  enor- 
mous. 

1st  generation i  aphis. 

2nd  generation loo  aphids. 

3rd  generation 10,000  aphids. 

4th  generation 1,000,000  aphids. 

5th  generation 100,000,000  aphids. 

6th  generation 10,000,000,000  aphids. 

7th  generation i,ooo,ooo,ooo,oqo  aphids. 

Thus  starting  with  one  aphis  in  the  spring  we  would  have  in  the 
seventh  generation  one  trillion  aphids,  a  number  which  the  human 
mind  cannot  appreciate.  Under  natural  conditions,  however,  the  in- 
sects are  decreased  in  number  from  one  cause  and  another,  all  thro' 
the  season,  so  that,  while  they  increase  very  rapidly,  they  never  do 
so  to  the  extent  above  indicated.  At  the  same  time,  however,  it  is 
easily  seen  that  the  destruction  of  a  large  proportion  of  the  first  and 
second  generations  will  very  markedly  affect  the  numbers  through- 
out the  season.  There  seems  to  be  little  doubt  that  the  killing  of 
the  first  generation,  by  inclement  weather  in  some  seasons  and  the 
absence  of  storms  in  other  seasons  account  for  the  great  variation 
th  abundance  and  destructiveness  of  this  louse  in  different  seasons. 

Because  of  the  g;reat  difficulty  in  controlling  the  insect  after  the 
leaves  of  the  trees  have  become  curled,  the  writer  has  undertaken 
to  learn  if  it  is  feasible  to  destroy  it  in  other  ways.  An  extensive 
seri»»s  of  experim'jnts  in  fumigation  with  the  deadly  hydro- 
cyanic acid  i^as  was  conducted.  In  these  experiments  w: 
used  a  large  canvas  tent,  a  large  paper  box  and  a  small 
air-ti,eht  wooden  box  constructed  for  such  work.  We  will 
not  at  this  time  give  the  detailed  results  of  these  ex- 
periments but  will  indicate  the  lessons  they  taught.  Detailed  instruc- 
tions for  the  use  r>f  this  substance  will  be  found  on  another  page  of 
this  report.     (See  index.) 
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We  found  that  every  aphis  could  be  killed  without  the  least  injury 
to  the  foliage.  Even  though  the  experiments  were  conducted  in 
both  cloudy  and  bright,  hot  weather,  not  a  leaf  was  injured  in  the 
w^hole  series  of  tests. 

We  used  the  cyanide  in  strengths  varying  from  o.io  grams  per 
cubic  foot  of  inclosed  space  up  to  0.30  grams  and  while  o.io  gram 
killed  practically  all  the  lice,  and,  on  the  other  hand,  0.30  did  not 
ir-jure  we  decided  upon  0.20  gram  per  cubic  foot  as  being  the  suit- 
able amount  to  use  hi  practical  work. 

The  time  of  exposure  was  20  minutes. 

Considering  the  fact  that  by  a  timely  and  persistent  use  of  sprays 
and  washes  the  aphis  may  be  brought  under  control,  I  very  much 
doubt  if  this  treatment  should  be  considered  as  a  suitable  remedy 
except  in  the  case  of  very  large  owners  or  in  company  orchards 
where  the  expense  of  providing  a  complete  fumigation  outfit  would 
be  justified.  Having  the  equipment  already  at  hand  it  would  cost 
about  4j^  cents  per  tree  to  treat  a  large  orchard. 

Information  rgarding  fumigation  boxes  suitable  for  such  work  as 
this  may  be  obtained  from  Professor  Johnson's  work  on  fumigation 
published  by  the  Orange  Judd  Publishing  Co.,  New  York. 

We  also  undertook  a  series  of  experiments  with  the  use  of  the 
lime-sulphur  and  salt  wash  as  means  of  destroying  the  egg  during 
the  winter.  We  sprayed  a  series  of  trees  with  this  wash  and 
modifications  of  it  in  the  Experiment  Station  orchard  and  at  Lo 
Lo.  Subsequent  examinations  of  the  trees  at  Bozeman  showed 
that  while  none  of  the  eggs  hatched  on  the  trees  that  were  sprayed 
they  also  failed  to  hatch  on  all  the  other  trees  in  tlie  same  part  of 
the  orchard  that  had  not  been  sprayed.  We  therefore  felt  that  the 
experiment  had  taught  us  nothing.  The  Lo  Lo  experiment  also 
failed  to  be  of  value  for  the  same  reason. 

During  the  past  few  days  a  bulletin  from  the  Idaho  Experiment 
Station,  written  by  Proffessor  Aldrich  (Buletin  No.  40)  entitled 
"Winter  Spraying  for  Aphis  Eggs"  has  come  to  my  desk.  The 
bulletin  gives  in  detail  Prof.  Aldrich's  experience  in  the  use  of  seven 
diflferent  sprays  used  in  the  winter  treatment  of  eggs  of  this  aphis. 
The  seven  sprays  are  the  following: 

I.     Pure  kerosene. 
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2.  Kerosene  emulsion,  one-third  kerosene. 

3.  Kerosene  emulsion,  one-fifth  kerosene. 

4.  Sulphur  and  lime  wash,  1-1-2.  (One  pound  sulphur,  one  pound 
lime,  two  gallons  water.) 

5.  Sulphur  and  lime,  1-1-4. 

6.  Sulphur  and  lime,  1-1-8. 

7.  Crude  petroleum  emulsion,  10  per  cent,  strength. 

From  the  results  of  his  experiments  Prof.  Aldrich  drew  the  fol- 
lowing conclusions : 

"Crude  petroleum  could  not  be  uniformly  applied.  The  emulsion 
was  very  unstable,  and  the  oil  is  much  too  thick  to  apply  pure.  No 
damage  resulted  to  the  trees,  but  in  many  cases  the  eggs  of  lice 
were  not  destroyed. 

Pure  kerosene  seriously  injured  the  trees  to  which  it  was  applied, 
but  killed  all  the  eggs. 

Kerosene  emulsion  of  one-third  strength  injured  the  foliage  to 
some  extent,  thoug:h  not  very  seriously ;  it  did  not  kill  the  eggs  with 
any  uniformity.  In  one-fifth  strength  it  did  not  injure  the  foliage, 
but  was  not  at  all  effective  in  killing  the  eggs. 

Sulphur  and  lime  did  not  injure  the  foliage  in  the  least,  however 
strong.  In  the  1-1-2  and  1-1-4  proportions  it  killed  almost  all  the 
eggs;  it  is  a  question  whether  the  very  few  that  hatched  had  not 
been  missed  by  the  spray. 

Of  the  seven  kinds  of  spray  used,  the  choice  for  commercial  pur- 
poses would  undoubtedly  be  No.  5,  sulphur  and  lime  in  the  1-1-4  pro- 
portion, or  what  is  called  the  "Piper  formula." 

1-1-4  proportion  is  probably  a  successful  winter  treatment,  it  will  be 
applicable  only  on  small  trees  that  can  be  closely  examined  and  thor- 
oughly sprayed. 

In  conclusion,  we  recommend  that  Montana  apple  growers  make 
careful,  conclusive  tests  of  the  1-1-4  lime-sulphur  wash  as  a  winter 
treatment,  and  mean  while  place  their  main  dependence  on  the  use 
of  kerosene  emulsion  and  whale-oil  soap  or  quassia-whale  oil  soap 
solution,  spraying  trees  that  are  generally  infested  and  dipping  the 

He  further  concluded  that  while  the  lime-sulphur  wash  in  the 
extremeties  of  limbs  that  are  infested  .only  at  the  ends  of 
the  branches. 

Formulae  for  these  washes  are  given  on  a  later  page.  (See  index.) 
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THE  FLAT-HEADED  APPLE-TREE  BORER. 


Chrysobotbris  femorata    Fab. 

One  of  the  most  troublesome  insect  pests  with  which  the  Mon- 
tana fruit-grower  has  to  contend,  is  an  apple-tree  borer,  which  in  the 
larval  stage  is  expanded  and  flattened  near  the  anterior  end,  as  shown 
in  figure  9,  a,  an  appearance  which  has  led  to  its  being  called  "the 
flat-headed  borer."  Besides  attacking  the  apple,  the  borer  has  been 
recorded  also  on  various  other  deciduous  trees,  among  which  are 
pear,  peach,  oak,  maple,  mountain  ash,  box-elder,  hickory,  chestnut, 
sycamore,  horse  chestnut,  redbud  and  currant.  Mr.  F.  H.  Chittenden 
of  the  U.  S.  Dept.  of  Agriculture,  from  whose  circular,  (Circ.  32, 
Division  of  Entomology)  many  of  the  facts  in  this  paper  are  taken, 
states  that  cherry,  beach  and  white  birch  are  probably  food  plants, 
while  an  unknown  authority  has  stated  that  elm,  tulip,  and  cotton- 
wood  are  also  host-plants. 

Although  not  considered  to  be  a  pest  of  first  class  importance 
this  species  has  been  doing  a  great  deal  of  damage  in  this  state,  par- 
ticularly in  the  Bitter  Root  valley,  and  there  is  an  increasing  demand 
for  information  concerning  its  habits  and  the  megms  of  controlling 
it.  It  has  been  particularly  destructive  on  young  orchard  trees,  gird- 
ling the  trunk  near  the  ground  and  killing  the  trees.  The  accompany- 
ing photograph  (see  Plate  III,  Figure  7)  shows  the  manner  in  which 
many  trees  have  been  affected  and  killed  in  Montana.  The  only  ex- 
planation the  writer  has  to  offer  as  to  the  cause  for  the  rather  unus- 
ual numbers  of  this  insect,  is  that  under  the  climatic  conditions  in 
Montana  trees  seem  to  be  affected  to  a  considerable  extent  with  sun- 
scald,  an  affection  which  leaves  the  trees  in  an  inviting  and  favorable 
condition  for  this  insect.  It  has  long  been  known  that  this  insect 
prefers  for  a  breeding  place  trees  that  have  been  previously  weakened 
by  some  other  cause.  Observation  has  shown  that  trees  which 
have  been  injured  on  the  side  exposed  to  the  winters  sun  are  often 
selected  by  the  adult  in  depositing  their  eggs. 

Young  trees  are  affected  principally  on  the  main  stem  close  to 
the  ground,  but  on  old  trees  the  borers  work  on  any  part  of  the  tree 
except  the  smaller  limbs  and  branches. 
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Like  other  members  of  the  same  family  of  beetles  (Buprestidae) 
the  adults  are  diurnal  in  habits  and  are  most  active  during  the  heat 
of  the  day.  By  a  close  search  in  an  infested  orchard  during  the  sea- 
son of  the  year  when  the  adults  are  out,  one  may  find  them  basking  in 
the  sun  on  the  trunks  of  the  trees  and  on  prostrate  logs. 

■  DISTRIBUTION  AND  OCCURRENCE  IN  MONTANA 

The  flat-headed  apple-tree  borer  is  a  native  of  North  America 
insect.  In  spite  of  this  fact,  however,  we  believe  that  it  is  an  in- 
troduced species  in  Montana.  None  of  its  principal  food  plants,  so 
far  as  known,  are  native  to  the  state,  or  if  present,  occur  only  spar- 
ingly, and  moreover,  its  presence  has  been  detected  only  in  restrict- 
ed localities.  We  think  it  much  more  probable  that  the  insect  was 
brought  into  the  state  on  some  of  the  earliest  shipments  of  trees 
from  the  older  apple  growing  regions. 

It  is  a  widely  distributed  pest  throughout  the  United  States 
cast  of  the  Rocky  Mountains,  and  in  southern  Canada. 


Figure  9.  FlHC-bead«d  Apple-tne  Borer. 
a,  Inrra:  b,  beetle:  c,  hewl  ol  male;  d.  pupa 
—twICB  natural  tise.  (Cfaltlenden,  Circular 
«a,  Sec,   Series,  Div,  of  Entomology  L".  S. 

LIFE  HISTORY. 
The  eggs,  which  are  pale  brown  and  about  one-eighth  of  an  inch 
long,  are  laid  on  the  trees  during  the  hot  summer  months.  One  ob- 
server, Dr.  Riley,  found  them  being  laid  from  June  to  September, 
but  oiir  observations  in  Montana  indicate  that  while  a  few  beetles 
may  be  found  on  the  trees  later  in  the  season  the  majority  are  out  and 
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depositing  their  eggs  late  in  June,  and  early  in  July.  In  about  three 
weeks,  the  eggs  hatch  and  the  young  larvae  bore  under  the  bark, 
where  they  feed  for  three  years,  first  just  under  the  bark  and  later 
in  the  woody  parts  of  the  stem.  On  young  trees  they  most  common- 
ly occur  at  about  the  surface  of  the  ground  as  shown  in  the  photo- 
graph above  referred  to.  The  location  of  the  burrow  may  often  be 
detected  from  the  outside  by  the  discoloration  or  slightly  sunken 
condition  of  the  bark. 

At  the  end  of  three  years  from  the  time  the  egg  was  deposited 
the  beetle  bores  out  from  the  pupal  chamber  which  it  constructed 
at  the  end  of  its  larval  life.  The  sexes  mate  and  the  eggs  are  de- 
posited for  the  new  generation. 

NATURAL  ENEMIES. 

The  downy  wood-pecker  which  is  so  common  in  Montana  and 
which  is  so  often  seen  in  our  orchards,  is  the  fruit-grower's  friend. 
Besides  picking  up  miscellaneous  pests  it  locates  burrows  of  this 
borer  and  extracts  them  in  considerable  numbers.  In  the  older 
orchards  of  Montana  scarcely  a  tree  can  be  found  that  does  not  bear 
the  marks  of  wood-peckers,  a  large  proportion  of  which  are  made  by 
this  species. 

METHODS  OF  CONTROL. 

Borers  as  a  class  of  pests  are  difficult  to  control.  When  once 
in  a  tree  they  cannot  be  reached  with  an  insecticide.  They  may  in 
many  cases  be  removed  by  means  of  a  sharp  knife  and  a  wire  but 
their  presence  is  not  usually  detected  until  a  large  part  of  the  dam- 
age has  been  accomplished,  and  the  injury  done  to  the  tree  in  re- 
moving the  larvae  may  be  greater  than  would  be  done  if  they 
were  left  to  do  their  worst.  It  has  been  found,  therefore,  that  clean, 
strong,  cultural  methods  and  the  use  of  deterrent  application  on  the 
trees,  both  of  which  are  preventatives,  constitute  the  best  means  of 
control. 

In  the  first  place,  in  planting  out  a  young  orchard  the  trees 
should  not  be  allowed  to  become  weakened  and  so  rendered  liable 
to  attack.  Young  trees  in  an  exposed  position  should  be  protected 
against  the  strong  rays  of  the  winter's  sun.  The  alternate  thawing 
and  freezing  on  the  exposed  side  of  the  trunk  produces  the  condition 
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known  to  all  as  sun-scald,  and  makes  typical  conditions  for  the  bor- 
ers. Dead  or  worthless  trees  should  not  be  allowed  to  stand  and 
become  a  menace  to  the  healthy  ones.  It  is  a  bad  practice  to  have 
a  brush  pile  made  up  of  dead  trees  and  prunings  at  the  side  of  the 
field.  Such  piles  should  be  burnt  very  frequently,  for  they  soon 
become  nurseries  of  pests. 

In  a  locality  known  to  be  infested  with  this  borer  it  is  often  de- 
sirable to  use  deterrent  applications  on  the  trunks  and  larger  limbs 
of  both  weakened  and  healthy  trees.  For  this  purpose,  a  number  of 
substances  have  been  recommended.  Some  use  old  newspapers  as 
mechanical  barriers  placed  about  the  base  of  the  tree. 

Mr.  Chittenden  recommends  that  these  papers  be  put  on  the 
trunk  for  about  two  feet  from  the  ground  up,  and  that  above  the  pa- 
per a  carbolated  or  akaline  wash  be  applied.  Wire  netting  is  some- 
times used. 

The  paper  and  netting  not  only  prevent  the  deposition  of  eggs 
but  also  prevent  the  escape  of  the  beetles  that  emerge  underneath 
them. 

Among  the  substances  that  may  be  used  as  washes  to  make  the 
surface  of  the  trees  objectionable  to  the  adult  beetles  and  so  prevent 
them  from  depositing  their  eggs  are  the  following: 

1.  A  thick  solution  of  whale-oil  soap. 

2.  Soft  soap  rendered  thick  by  the  addition  of  caustic  soda  or 
potash  in  solution. 

3.  Either  of  the  above  washes  would  probably  be  made  more 
effective  by  the  addition  of  crude  carbolic  acid  at  the  rate  of  one 
pint  to  ten  gallons  of  the  wash. 

James  Good,  939  and  941  North  Front  Sstreet,  Philadelphia,  Pa., 
offers  for  sale  a  product  known  as  Caustic  Potash  Whale-oil  Soap, 
which  of  itself  would  be  a  good  substance  for  this  purpose.  It 
should  be  diluted  with  sufficient  water  to  make  a  thick  fluent  mass, 
and  applied  to  the  trunk  and  limbs  of  the  trees  to  be  protected. 
Such  washes  when  not  of  a  quality  that  makes  them  injurious  to  the 
hands,  are  sometimes  applied  by  a  man  wearing  old  mittens  or  socks 
that  are  saturated  with  the  wash. 
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THE  PEAR-LEAF  BLISTER  MITE. 


{Pbytoptus  pyri    Scheuten.) 

Though  probably  of  European  origin  the  pear-leaf  blister-mite 
is  now  widely  disseminated  throughout  the  world,  having  been  dis- 
tributed by  the  agency  of  traffic  in  nursery  stock.  It  is  sparingly  dis- 
tributed in  Montana,  but  where  well  established  is  a  troublesome 
pest. 

NATURE  OF  INJURY. 

As  the  leaf-buds  of  affected  trees  unfold  in  the  spring  there  may 
be  seen  red  blister-like  spots  and  blotches  which  in  severe  cases  may 
involve  practically  all  the  surface  of  the  leaf.  At  first  the  galls  are 
more  distinctly  seen  on  the  upper  surface  of  the  leaves  but  later  in  the 
season  the  spots  turn  brown,  owing  to  the  death  of  the  tissues  com- 
prising the  blisters,  when  the  affected  spots  become  more  apparent 
on  the  under  side  of  the  leaves.  The  blotches  often  take  the  shape 
of  elongated  patches  one  on  each  side  of  the  midrib. 

In  each  blister,  on  the  under  side  of  the  leaf,  may  be  seen  one 
or  more  minute  holes  that  lead  to  the  cavity  of  the  blister  and  usu- 
ally visible  only  under  a  lense  or  microscope. 

Within  these  blisters  composed  of  abnormal  plant  tissues,  the 
mites  live,  feeding  on  the  juices  of  the  plant.  Under  the  shelter  of 
these  galls  they  are  very  well  protected,  not  only  from  wind  and  rain 
which  might  easily  sweep  them  off,  but  also  against  insecticidal 
treatment.  The  tissues  on  the  inside  of  the  galls  also  furnish  better 
facility  for  the  mites  to  acquire  nourishment  than  would  the  thicker 
layers  of  cells  on  the  surface.  The  freshly  formed  galls  are  thick  and 
succulent,  but  as  they  die  and  turn  brown  they  shrivel  and  dry. 
Badly  affected  trees  lose  their  foliage  long  before  the  normal  time 
which  must  be  an  injury  to  the  health  of  the  tree. 

THE  MITE. 

The  mites  that  produce  these  galls  are  very  minute,  being 
scarcely  visible  to  the  naked  eye.  Under  a  high  power  microscope, 
the  body  is  seen  to  be  elongated  in  form,  about  four  times  as  long 
as  wide,  and  has  the  appearance  on  the  surface  of  being  made  up  of 
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a  large  number  of  fine  rings.  There  are  four  legs,  all  of  which  are 
placed  at  the  anterior  end  of  the  body  and  though  small  they  enable 
the  mite  to  move  rapidly.  The  head  is  made  up  chiefly  of  a  conical 
snout  within  which  are  two  lance-like  jaws.  To  cover  a  linear  inch 
about  150  mites  placed  end  to  end  would  be  required. 

LIFE  HISTORY. 

From  the  eggs  which  are  laid  in  the  galls  by  the  parent  mites 
the  young  hatch,  and,  crawling  out  of  the  hole,  go  in  search  of  an 
uninjured  spot  in  the  leaf.  Then,  boring  through  the  surface  they, 
start  new  galls.  The  mites  remain  in  the  galls  until  the  end  of  the 
season  when  they  crawl  to  the  buds  and  seek  shelter  for  the  winter 
under  the  scales. 

Some  mites  remain  on  the  leaves  too  long  and  are  borne  to  the 
ground  when  the  leaves  fall. 

MEANS  OF  DISTRIBUTION. 

Of  itself  the  mite  cannot  travel  far.  For  distant  dissemination 
it  is  dependent  upon  outside  agencies  and  has  doubtless  been  spread 
from  coimtry  to  country  on  nursery  stock.  From  tree  to  tree  in  the 
same  vicinity  they  may  be  carried  on  the  feet  of  the  birds,  or  blown 
by  the  wind  on  the  leases  in  the  fall  of  the  year. 

REMEDIES. 

The  only  vulnerable  point  in  the  life  cycle  of  this  mite  is  when 
it  is  secreted  under  the  bud  scales  after  the  leaves  have  fallen.  Prof. 
M.  V.  Slingerland  found  that  the  mite  "can  be  nearly  exterminated 
in  a  badly  infested  orchard  by  a  single  thorough  spraying  of  the 
trees  in  winter  with  kerosene  emulsion  diluted  with  five  to  seven 
parts  of  water."  In  all  cases  of  treatment  with  a  spray  or  winter 
wash,  we  recommend  that  no  twigs  or  branches  that  have  been 
pruned  off  be  left  on  the  ground. 

We  recommend  that  the  leaves  from  infested  trees  be  gathered 
and  burned  and  not  allowed  to  blow  about. 

Having  learned  from  various  fruit-growers  of  the  state  that  they 
had  not  found  the  kerosene  emulsion  treatment  to  be  satisfactory. 


230  MONTANA  EXPERIMENT  STATION. 


the  writer  undertook  a  series  of  tests  e^  the  lime-sulphur-salt  wash 
as  a  remedy.  The  experiments  were  conducted  in  the  orchard  of 
Mr.  C.  M.  Allen  of  Lo  Lo.  I  would  here  express  my  gratitude  to 
this  gentleman  for  many  courtesies  extended  to  me,  both  in  connec- 
tion with  these  experiments  and  at  other  times. 

In  the  experiments  Mr.  Allen's  entire  orchard  of  190  trees  was 
used  and  we  feel  entire  confidence  in  the  results  we  obtained.  The 
spraying  wds  done  on  April  21  and  22,  the  pear  buds  being  swollen 
almost  to  the  point  of  opening. 

In  the  various  tests  we  used  the  following: 

Spray  No.  i. 

Lime   i  pound. 

Sulphur I  pound. 

Salt I  pound. 

Water  4  gallons. 

Spray  No.  2. 

Lime   •  i  pound. 

Sulphur I  pound. 

Water  4  gallons. 

Spray  No.  3. 

Lime J/2  pound. 

Sulphur I  pound. 

Water   4  gallons. 

Spray  No.  4. 

Lime   i  pound. 

Water  8  gallons. 

Ten  trees  were  used  in  experiment  No.  4  (lime  and  water  only) 
and  ten  trees  were  left  unsprayed.  The  remaining  trees  were  about 
evenly  divided  in  experiments  Nos.  i,  2,  and  3. 

The  results  of  the  tests  were  very  satisfactory  and  seemed  con- 
clusive. The  mites  were  practically  exterminated  on  all  trees  treat- 
ed with  sprays  I,  2,  and  3.  The  mites  on  the  ten  trees  sprayed  with 
No.  4  were,  so  far  as  we  could  determine,  wholly  uninjured.  These 
trees  and  the  ten  left  unsprayed  were  badly  affected  with  the  mites 
after  the  foliage  expanded. 

Directly  the  other  side  of  a  barbed  wire  fence  are  more  pear 
trees  badly  affected  with  the  mite.    The  two  pear  orchards  are  really 
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but  one,  since  Mr.  Allen's  orchard  was  purchased  and  fenced  off 
from  the  other  larger  one,  the  fence,  in  fact,  passing  diagonally 
through  one  row.  The  trees  on  the  other  side  of  the  fence  were 
badly  infested  the  following  summer,  thus  giving  us  greater  con- 
fidence in  the  efficiency  of  our  treatment. 

It  appears  that  all  of  the  first  three  sprays  were  equally  effective 
Spray  No.  3  J^-1-4  contains  only  enough  lime  to  cause  the  sul- 
phur to  go  into  solution,  thereby  making  the  caustic  ingredient  of 
the  mixture.  The  spray  when  ready  to  apply  is  clear  and  transparent 
instead  of  milky  as  is  No.  2,  which  has  an  excess  of  lime.  In  spray 
No.  I,  the  excess  of  lime  goes  onto  the  tree  merely  as  a  whitewash. 
We  are  not  prepared  to  say  that  there  is  not  some  benefit  in  having 
this  excess  of  lime,  and  for  the  present  we  recommend  the  use  of 
spray  No.  2.  We  do  not  feel  that  the  addition  of  salt  in  spray  No.  I 
renders  the  wash  of  any  more  value. 

In  conclusion,  we  recommend,  as  a  means  of  holding  this  mite 
in  control,  a  thorough  spraying  with  lime-sulphur-salt  wash  in  the 
1-1-4  proportion,  in  the  spring  of  the  year  before  the  buds  open. 
Directions  for  the  pieparation  of  this  wash  will  be  found  on  another 
page  of  this  report.    (See  index.) 
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GRASSHOPPERS.     • 


During  the  past  three  years  a  considerable  amount  of  damage 
was  done  by  grasshoppers  in  eastern  Montana.  An  extensive  territory 
was  more  or  less  affected,  in  some  localities  the  grasshoppers  being 
so  abundant  that  there  was  no  vegetation  left.  From  this  extreme 
there  was  every  gradation  down  to  no  injury.  During  these  three 
years  the  grasshoppers  steadily  increased  and  the  seriously  affected 
territory  was  extended. 

The  injuries  have  been  principally  confined  to  the  fenced  and 
open  ranges  used  by  the  stockmen  in  grazing  cattle,  sheep  and  horses^ 
but  some  damage  was  done  to  grains,  cultivated  grasses  and  alfalfa. 
We  received  reports  also  of  damage  to  fruit  trees  and  to  garden 
crops. 

Coincidental  with  the  appearance  of  the  grasshoppers  has  been 
a  series  of  years  in  which  the  rain  and  snowfall  has  been  much  below 
the  average.  Aside  from  any  direct  or  indirect  influence  which  this 
scarcity  of  moisture  may  have  had  on  the  unusual  increase  of  grass- 
hoppers, it  certainly  very  much  shortened  the  crop  of  grass.  While 
the  amount  of  grass  that  the  grasshoppers  ate  would  have  been 
missed  even  if  there  had  been  a  full  growth,  it  is  certain  that  what 
they  took  was  more  seriously  missed  on  account  of  the  scarcity  of 
grass. 

Roughly  speaking,  the  territory  injured  through  the  combined 
effects  of  dry  weathei  and  grasshoppers  may  be  said  to  be  embraced 
in  that  part  of  Montana  drained  by  the  Yellowstone  river  east  of  the 
town  of  Big  Timber.  Not  only  were  the  valleys  of  the  tributaries 
of  the  Yellowstone  affected  but  the  cross  country  as  well.  We  also 
received  reports  of  injury  in  other  scattering  localities.  One  report 
came  through  Town  send  from  the  country  northeast  of  that  town 
and  we  were  notified  of  injury  on  the  range  in  the  eastern  part  of 
Madison  county. 

One  species,  the  yellow-winged  locust,  was  very  abundant  in  re- 
stricted localities  in  and  about  the  Gallatin  valley.    We  also  noted 

the  big-headed  grasshopper  to  be  more  abimdant  than  in  previous 
years  and  in  two  instances  the  yellow-striped  locust  was  found  in 
great  numbers  in  the  edges  of  this  valley. 
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INJURY  NOT  CAUSED  BY  THE  ROCKY  MOUNTAIN 

LOCUST. 

Many  persons  have  supposed  the  "old-fashioned"  or  Rocky 
Mountain  Migratory  Locust  to  be  responsible  for  the  losses  in  Mon- 
tana. Our  investigations  of  the  subject,  however,  show  that  no  one 
species  is  alone  the  cause  of  the  loss  and  the  above  species  (Melan- 
oplus  spretus  Uhler)  if  present  in  the  state  at  all  is  very  rare.  Dur- 
ing the  five  summers  that  I  have  been  collecting  in  all  parts  of  Mon- 
tana I  have  not  captured  a  single  example  of  this  interesting  species. 
Moreover,  I  learn  by  letter  from  Prof.  Gillette  of  Colorado  that  he 
has  had  a  similar  experience,  having  been  unable  to  find  any  speci- 
mens during  a  longei  period  in  his  state. 

In  our  various  trips  into  the  worst  affected  regions  we  found 
a  fairly  uniform  state  of  affairs  throughout.  On  the  range  two  or 
three  species,  taken  together,  constitute  a  large  proportion  of  the 
total  number,  though  in  restricted  localities  one  or  another  species 
besides  these  was  more  abundant.  The  three  most  common  species 
on  the  range  were  the  Big-headed  locust,  {Aulocara  elHotti),  the 
Lesser  Migratory  locust  (Melanoplus  atlanis)  and  the  Yellow- 
winged  locust  {Camnula  pellucida).  In  point  of  abundance  the  Big- 
headed  grasshopper  was  the  leading  species  of  the  three.  The  Less- 
er Migratory  Locust  was  second  in  importance.  It  prefers  the  dryer 
uplands  to  the  irrigated  valleys,  but  in  many  cases  it  was  found  in 
great  abundance  in  grain  fields,  particularly  on  the  benches  and  in 
non-irrigated  fields. 

The  Yellow-winged  Locust  is  more  local  in  its  distribution, 
often  occurring  in  immense  numbers  in  restricted  localities  and  at 
times  becoming  very  injurious  to  grasses  and  grains. 

We  found  the  two-striped  locusts  to  be  common  in  practically 
all  the  cultivated  fields  that  were  injured  by  grasshoppers.  This 
species  was  particularly  injurious  to  alfalfa,  the  succulent  stems  and 
leaves  of  this  plant  apparently  suiting  its  taste. 

LIFE  HISTORY. 

All  our  particularly  injurious  species  are  alike  in  the  main  fea- 
tures of  their  life  history.    The  winter  is  passed  in  the  egg  stage  in 
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the  ground.  The  eggs  are  about  one-fifth  of  an  inch  in  length  and 
are  deposited  in  compact  masses  or  "pods'*  which  are  arranged  ver- 
tically, or  slightly  inclined,  just  below  the  surface  of  the  ground. 

In  making  the  hole  in  the  ground  to  receive  the  eggs,  the  female 
fiiakes  use  of  special  organs  at  the  extremety  of  the  abdomen.  Plac- 
ing the  point  of  the  abdomen  against  the  ground  the  pointed  organs 
work  rapidly  back  and  forth  and  as  the  hole  is  made  the  abdomen 
settles  into  the  earth.  When  the  hole  is  completed  it  is  filled  with 
the  mass  of  eggs  and  a  viscid  frothy  substance. 

Prof.  C.  V.  Riley's  classic  illustration  of  the  process  of  egg- 
laying  of  the  Rocky  Mountain  Locust,  together  with  his  description 
of  the  process,  show  that  in  that  species  the  eggs  are  laid  in  four  re- 
gularly parallel  rows  and  that  the  number  of  eggs  varies  between 
20  and  35.  He  also  found  that  two  or  three  such  egg-masses  were 
deposited  by  each  female  insect. 

The  two-striped  locust  lays  a  larger  number  of  eggs  than  this 
for  we  have  counted  as  high  as  62,  in  a  mass,  and  two  or  three  masses 
are  deposited.  The  Big-headed  Locust  {Aulocara  elliotti)  probabljj 
deposits  only  two  masses. 

In  general  the  places  most  chosen  by  the  females  for  the  pur- 
poses of  egg-laying,  are  those  at  which  the  soil  is  fairly  free  from 
grass-roots,  or  other  roots«that  would  interfere  with  boring  the 
holes.  Such  places  are  found  on  the  sides  of  roads,  in  abandoned 
roads,  among  tall  weeds,  etc.  When  the  mating  season  comes  the 
adults  of  a  species  gather  into  colonies  where  they  stay  for  the  re- 
mainder of  their  life.  As  a  result,  the  young  are  often  found  in  the 
spring  of  the  year  in  more  or  less  restricted  localities. 

In  our  investigations  of  the  outbreak  of  grasshoppers  in  Mon- 
tana in  1903  we  fornd  that  the  Big-headed  grasshopper  paid  little 
attention  to  where  the  eggs  were  laid ;  for  miles  and  miles  over  the 
denuded  ranges  the  females  could  be  found  performing  this  act. 

In  the  spring  ot  the  year,  in  some  species  earlier  than  in  others,, 
the  eggs  hatch  into  very  small  nymphs  which  on  close  examination 
are  seen  to  resemble  adult  grasshoppers,  but  there  are  no  indications 
of  wings.  As  they  increase  in  size  and  molt  from  time  to  time,  rudi- 
mentary wings  appear  which  increase  in  prominence  with  each  molt 
until  the  last  when  with  fully  developed  wings  the  insect  is  mature 
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and  ready  to  lay  eggs.  While  a  few  species  of  grasshoppers  pass 
the  winter  as  adults  and  a  much  larger  number  as  nymphs,  thereby 
making  it  possible  to  find  some  grasshoppers  in  the  early  part  of  the 
summer,  it  is  a  matter  of  common  knowledge  that  they  are  much 
more  commonly  seen  in  August  and  September.  This  is  not  because 
there  are  more  grasshoppers  in  the  latter  part  of  the  season  but  be- 
cause when  winged  they  are  much  more  conspicuous  than  in  the 
younger  stages. 


MONTANA'S  MOST  COMMON  AND  DESTRUCTIVE 

SPECIES. 

In  the  following  paragraphs  we  present  a  few  of  the  leading  facts 
regarding  the  most  common  species  of  grasshoppers  that  we  have 
taken  in  middle  and  eastern  Montana.  They  are  not  arranged  in 
the  order  of  their  importance  except  the  first  five  or  six.  Not  all  the 
species  discussed  are  of  great  economic  importance  but  all  are  com- 
mon and  liable  to  be  observed  by  anyone.  Since  some  of  the  species 
are  not  yet  known  by  vernacular  names,  we  have  used  the  scientific 
name  of  all,  but  have  given  also  the  popular  name  when  one  is 
known. 

I  am  indebted  to  Prof.  Lawrence  Bruner  of  the  University  of 
Nebraska  for  valuable  information  concerning  our  species  and  for 
the  determination  of  a  large  number  of  species  including  a  part  of 
those  discussed  in  this  paper.  Dr.  L.  O.  Howard  of  the  Division 
of  Entomology  at  Washington  has  also  very  kindly  identified  a  num- 
ber of  species  for  me. 

Aulocara  elliotti  Thomas.    THE  BIG-HEADED  GRASSHOPPER. 

This  grasshopper,  in  point  of  numbers,  stands  first  in  the  series 
here  discussed.  While  it  has  been  mentioned  as  being  injurious  in 
various  parts  of  the  United  States,  it  has  never  before  been  consider- 
ed a  prime  cause  of  devastation.  It  occurs  throughout  western 
United  States  and  is  a  true  grass-eating  species.  When  viewed  from 
above  or  from  the  side  the  head  is  large  (see  figure)  and  the  tibiae 
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are  bright  blue ;  the  antennae  of  the  male  are  long.  It  occurs  prin- 
cipally on  the  range,  in  Montana,  having  seldom  been  found  in  ir- 
rigated valleys. 

Melanoplus  atlanis  Riley.    THE  LESSER  MIGRATORY  LOCUST 

This  species  is  distributed  throughout  most  of  the  United  States 
and  Canada  and  often  becomes  so  abundant  as  to  be  injurious.  In 
Montana  we  have  found  it  in  cultivated  fields  where  it  has  occasion- 
ed considerable  loss,  and  on  the  range  where  in  association  with  A. 
elliotti  it  has  been  injurious.  The  tibae  are  usually  red.  The  size  and 
general  appearance  of  the  species  are  shown  on  the  accompanying 
plate  (Plate  IV,  figures  i  and  2). 

Catnnula  pellucida    Scud.    THE  YELLOW-WINGED  LOCUST. 

It  may  be  safely*  said  that  not  a  year  passes  in  which  this  spe- 
cies does  not  become  injurious  in  either  one  part  or  another  of  the 
United  States,  usually  in  the  northwest.  It  feeds  particularly  on 
grasses  and  grain.  In  Montana  it  has  been  found  to  be  local  in  its 
distribution  and  has  been  destructive  on  the  range  in  only  a  few  re- 
stricted areas.  The  under  wings  are  yellow,  the  upper  wings  and 
general  surface  of  the  body  are  variable  in  color,  between  yellow  and 
brown. 

Melanoplus  bivittatus    Say.    THE  TWO-STRIPED  LOCUST. 

This  is  among  the  larger  grasshoppers  of  Montana.  It  occurs 
throughout  the  greater  part  of  the  United  States.  It  is  especially  in- 
jurious in  cultivated  fields  and  so  far  as  our  experience  goes  is 
practically  the  only  species  that  has  caused  injury  to  alfalfa.  The 
femora  have  longitudinal  stripes  and  there  are  two  yellowish  stripes 
on  the  back. 

Hippiscus  neglectus    Thomas. 

We  found  this  grasshopper  to  be  fairly  common  over  the  larger 
part  of  the  affected  territory.  Its  appearance  is  well  shown  in  the 
accompanying  figure.    (Plate  VI,  figure  2.) 


MONTANA  EXPERIMENT  STATION.  237 


Spharagemon  sequale    Say. 

This  grasshopper  is  often  met  with  in  the  heat  of  the  clay,  is 
a  strong  flyer  and  a  difficult  one  to  catch.  In  some  places  it  was  so 
common  as  to  be  somewhat  injurious. 

Arphia  tenebrosa    Scudder. 

This  grasshopper  lies  with  a  clattering  sound,  often  poises  it- 
self in  the  air  in  the  heat  of  the  day,  remaining  in  one  spot  with  the 
wings  rapidly  vibrating. 

Chortophaga  viridifasciata   DeG.    THE  GOAT-HEADED  GRASS- 
HOPPER. 

This  exceedingly  variable  species,  found  in  the  early  part  of  the 
season,  often  assembles  in  colonies.  It  varies  between  bright  green 
and  dull  brown. 

Dissosteira  Carolina    Linn.    THE  CAROLINA  LOCUST. 

This  grasshopper  is  the  species  known  to  most  people  as  the  one 
that  poises  in  the  air  making  a  peculiar  rattling  or  rustling  sound, 
settling  to  the  earth  as  the  sound  dies  out.  It  occurs  commonly  along 
dusty  roads  and  hot,gravelly  places  as  along  railroad  tracks.  The 
writer  has  often  observed  it  to  be  abundant  in  various  parts  of 
^Montana. 

Cordillacris  occipitalis    Thomas. 

This  species  occurs  on  the  plains  east  of  the  Rocky  Mountains. 
We  have  found  it  very  abundant  in  eastern  iJlontana. 

Melanoplus  dawsoni    Scudder. 

This  species  when  mature  has  rudimentary  wings  which  reach 

only  about  half-way  to  the  end  of  the  abdomen.    The  under  side  is 

yellow,  with  prominent  black  bands  on  the  abdomen.     It  has  been 

common  in  lowlands  in  the  Gallatin  valley  and  in  the  Yellowstone 
valley. 
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Encoptolophus  sordidus  Burn.  THE  CLOUDED  GRASSHOPPER 

Often  met  with  in  the  field  and  somewhat  resembles  C.  pellucida. 

Acrolophitus  hirtipes    Say. 

This  grasshopper  of  striking  appearance,  is  uniformly  green 
throughout.  It  occurs  in  restricted  localities,  often  in  considerable 
abundance,  where  in  contrast  to  other  sombre-colored  grasshoppers, 
it  is  quite  conspicuous. 

« 

INSECT  ENEMIES  OF  GRASSHOPPERS. 

Grasshoppers  have  a  large  number  of  parasitic  enemies  and  when 
the  grasshoppers  as  hosts  become  abundant,  their  parasites,  because 
of  a  plentiful  supply  of  food,  become  numerous  also  and  soon  gain 
the  mastery  over  the  hosts.  This  balancing  process  is  continually 
active.  While  we  cannot  say  positively' what  is  the  cause  of  the  ap- 
pearance in  Montana  of  grasshoppers  in  unusual  numbers  it  is  prob- 
able that  parasites  as  a  direct  or  indirect  cause  have  had  a  great 
influence. 

Various  correspondents  have  called  our  attention  to  the  pre- 
sence of  minute  red  spots  on  the  bodies  of  grasshoppers.  These  red 
spots  are  the  bodies  of  a  red  mite  which  occurs  commonly  through- 
out the  state,  and  which  doubtless  does  some  good  in  preventing  the 
undue  increase  of  grrisshoppers.  They  have  often  been  mistaken  for 
eggs  of  parasites  but  there  is  ijo  reason  for  confusing  the  two,  since 
the  eggs  of  parasitic  flies  are  white. 

In  every  part  of  the  grasshopper  affected  sections  of  the  state  that 
we  visited  in  the  summer  of  1903  we  found  dead  bodies  of  grass- 
hoppers which  contained  maggots  or  larvae  of  a  fly.  Some  of  these 
were  reared  in  the  laboratory  to  the  adult  stage  and  the  flies  were 
sent  to  Dr.  L.  O.  Howard  for  determination.  He  reported  the  fly 
to  be  Sarcopbaga  cimbicis  Townsend.  We  are  unable  to  state 
whether  this  fly  killed  the  grasshopper  or  whether  the  larvae  were 
merely  feeding  as  scavengers  on  the  dead  bodies  of  grasshoppers 
that  had  died  from  other  causes. 

It  was  noticeable  that  a  blister  beetle  or  Spanish  fly  whose 
scientific  name  has  not  yet  been  determined  was  very  abundant 
throughout  the  Yelowstone  valley  from  Columbus  eastward.     We 
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received  a  few  letters  notifying  us  that  these  beetles  had  been  in- 
jurious to  garden  plants  and  other  plants  of  value.  This  species  and 
various  other  of  the  same  family  (Melodidfie)  are  well  known  to  be 
very  beneficial  in  the  larval  stage  as  destroyers  of  the  eggs  of  lo- 
custs. In  brief  their  life  history  is  the  following :  In  the  latter  part 
of  the  summer  they  deposit  their  yellowish  colored  eggs  in  the 
ground,  each  female  producing  four  or  five  hundred  eggs.  The  eggs 
hatch  in  about  ten  days  into  long-legged  larvae.  These  larvae  are 
very  active  and  they  run  about  over  the  ground  search- 
ing for  eggs  of  locusts,  finding  an  egg  pod  they  enter 
it  and  begin  devouring  the  eggs.  It  is  said  that  if  two 
larvae  come  upon  the  same  egg-pod  a  deadly  combat  oc- 
curs, resulting  in  the  death  of  one  or  the  other,  leaving 
the  successful  contestant  sole  owner  of  the  store  of  food.  As  the 
larva  feeds  and  grows  it  molts  from  time  to  time  producing  remark- 
able changes,  until  in  place  of  the  long-legged  larval  there  is  one 
with  short  legs  and  rudiamentary  mouth  parts.  The  mature  beetle 
appears  again  the  next  spring. 

Besides  the  enemies  we  have  mentioned,  which  are  among  the 
most  important,  are  many  others  which,  taken  together,  doubtless 
do  much  to  reduce  the  number  of  grasshoppers. 

REMEDIES. 

The  remedies  that  have  been  devised  in  the  various  parts  of  the 
country  are  not  adapted  to  the  conditions  we  find  on  the  grasshop- 
per-ridden ranges  of  Montana.  They  apply  much  better  to  the  agri- 
cultural fields  of  the  middle- west  states,  but  some  of  them  may  be 
used  eflFectively  in  the  agricultural  valleys  of  this  state.  We  give 
below  a  few  remarks  regarding  the  most  important  remedies  that 
are  known,  leaving  the  farmer  to  select  for  himself  the  one  most 
suitable  for  his  conditions. 

Ploughing. — Late  fall  or  early  spring  ploughing  is  the  best  of  all 
artificial  remedies.  It  is  practiced  for  the  purpose  of  destroying  the 
eggs  and  it  follows  that  the  eggs  must  first  be  located.  In  our  re- 
marks regarding  the  habits  of  grasshoppers  we  have  called  atten- 
tion to  the  fact  that  in  the  breeding  season  the  grasshoppers  accumu- 
late in  more  or  less  restricted  areas  and  that  the  eggs  are  laid  in 
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these  areas.  The  observant  farmer  will  locate  these  patches  and 
by  ploughing  deeply  will  place  the  eggs  so  far  under  the  soil  that 
when  the  young  hatch  they  will  be  unable  to  reach  the  surface.  Even 
the  young  hoppers,  when  very  small,  may  be  turned  under  in  the 
same  manner. 

Where  ploughing  cannot  be  resorted  to,  a  thorough  harrowing, 
especially  with  a  disc  harrow,  will  result  in  the  destruction  of  a 
large  number  of  the  eggs  by  crushing  some  and  exposing  others  to 
their  numerous  enemies  aud  to  frosts. 

Burning. — When  the  grasshoppers  are  young  and  travel  slowly 
they  may  be  killed  on  or  near  the  locality  where  they  hatch  by 
covering  them  with  a  thin  layer  of  straw  and  then  burning  it. 

In  some  sections  of  the  west  where  crude  petroleum  can  be  ob- 
tained at  small  cost  it  is  sometimes  employed  in  the  form  of  a  spray 
as  a  remedy  against  young  hoppers.  This  oil  kills  by  contact  but 
additional  effectiveness  can  be  secured  by  setting  fire  to  the  oil 
on  the  ground. 

Bandages. — Some  property  owners  in  Montana  have  suffered 
injury  to  their  fruit  trees  by  grasshoppers.  The  young  may  be  pre- 
vented from  climbing  the  trees  by  bandaging  the  trunks  with  cot- 
ton batting,  axel  giease  or  some  other  adhecive  substance.    As  the 

grasshoppers  acquire  wings. they  may  fly  into  the  trees  and  in  such 
cases  relief  may  be  secured  by  the  use  of  poisonous  sprays. 

Hopper-dozers. — Hopper-dozers  are  metallic  pans  of  any  con- 
venient dimensions  which  are  partly  filled  with  kerosene  oil  and 
drawn  about  over  the  field  for  the  purpose  of  catching  the  partly 
grown  grasshoppers.     Many  of  the  insects  after  hopping  into  the 


Fig;  10    Hopper-do wr.  after  Rfley. 
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pans  and  getting  covered  with  oil  jump  out  again  but  these  are  in- 
variably killed.  The  back  of  the  pan  is  extended  vertically  by  means 
of  a  strip  of  cloth  or  canvas  supported  by  upright  stakes.  See  Figure 
lo.  In  large  fields  several  hopper-dozers  are  sometimes  attached  in 
series  by  means  of  a  long  pole  and  drawn  by  two  horses,  one  at  each 
end  of  the  pole.  I'wo  horses  attached  in  this  way  are  much  better 
than  one  in  the  middle  of  the  pole  because  they  tend  to  gather  in  the 
grasshoppers  rather  than  drive  them  away. 

The  Artificial  Use  of  Diseases. — Under  such  conditions  as  occur 
on  the  Montana  ranges,  where  the  greater  part  of  the  injury  by  grass- 
hoppers has  been  done,  the  artificial  use  of  deadly  diseases  is  an  at- 
tractive subject.  If  we  were  able  to  propagate  and  distribute  a 
disease  which  would  be  communicated  from  one  insect  to  another 
and  so  extended  ovei  large  areas,  the  solution  of  the  grasshopper 
problem  would  be  reached.  Various  experimenters  in  the  United 
States  have  made  careful  tests  of  such  diseases  but  thus  far  very  few 
encouraging  results  have  been  secured. 

Realizing  that  the  artificial  use  of  diseases,  though  offering 
small  hope  of  success,  constituted  the  only  hope,  the  Experiment 
Station  through  this  department  made  a  careful  test  of  what  has 
been  called  the  South  African  grasshopper  fungus  disease.  A  sin- 
gle  tube  of  this  disease  from  Africa  was  very  kindly  given  me  by 
Prof.  C.  P.  Gillette  of  Fort  Collins,  Colorado.  Cultures  on  potato 
were  made  and  distributed  to  about  300  applicants  in  the  state.  We 
also  made  careful  laboratory  tests  on  caged  grasshoppers  of  various 
species,  but  so  far  as  we  are  informed  not  one  grasshopper  was  kill- 
ed either  in  the  field  or  laboratory  test.  The  various  other  entomolo- 
gists also  failed  to  get  results  of  decided  value.  We  feel,  therefore^ 
that  until  something  entirely  new  in  the  form  of  a  disease  is  known, 
we  will  still  have  to  wait  for  Nature  to  take  her  course,  except  where 
it  is  possible,  in  restricted  areas,  to  use  some  of  the  other  remedies, 

CRIDDEL  MIXTURE. 

The  substance  known  by  this  name  has  lately  come  into  favor 
as  a  grasshopper  remedy  in  some  parts  of  the  United  States.  It 
was  first  brought  to  public  attention  by  Dr.  James  Fletcher,  govern- 
ment entomologist  of  Canada,  who,  at  the  meeting  of  official  entomo- 
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legists  at  Washington,  D.  C,  1903,  stated  that  it  had  entirely  re- 
placed the  cumbersome  and  inadequate  hopper-dozer.     It  is  made 

as  follows :  Take  one  part  of  Paris  green,  two  parts  of  salt  and  40 
parts  of  horse  manure  by  measure.  Add  sufficient  water  to  make  the 
mass  soft  without  being  fluid.  Distribute  through  the  field  to  be 
protected  in  quantity  proportioned  by  the  number  of  hoppers. 

The  material  may  be  scattered  from  a  wagon  and  because  of  its 
cheapness  may  be  used  sparingly  over  fairly  extensive  areas.  We 
recommend  that  it  be  given  a  very  thorough  test  around  the  edges 
of  grain  fields  and  other  crops  that  may  be  threatened.  We  know 
of  no  remedy  to  recommend  for  use  on  the  the  ranges. 


THE  COMMON  TOAD' 

It  is  the  purpose  of  this  paper  to  call  attention  to  the  value  of 
the  toad  to  the  fruit-grower,  the  gardener  and  farmer,  to  outline  its 
habits  and  life  history  and  to  urge  that  it  be  protected  against  de- 
struction by  thoughtless  boys. 

At  first  thought  an  account  of  the  toad  may  seem  out  of  place 
in  a  report  of  insect  life.  It  is  entered,  however,  on  account  of  my 
firm  belief  in  its  great  economic  value  as  a  destroyer  of  terrestrial 
insects,  a  large  number  of  which  are  injurious  to  the  interests  of 
man. 

As  will  be  noted,  I  have  freely  consulted  and  often  quoted  Mr. 
A.  H.  Kirkland's  paper  that  treats  of  this  animal,  published  as  a 
bulletin  of  the  Massachusetts  Experiment  Station.  His  paper  is  the 
most  valuable  that  has  been  published  on  this  subject. 

FALSE  IDEAS  CONCERNING  THE  TOAD. 

Since  before  the  beginning  .of  the  Christian  area  students  have 
observed  toads  and  written  of  their  habits.  Too  frequently,  however, 
actual  facts  and  superstitions  have  been  confounded,  with  the  re- 
sult that  the  early  literature  on  this  interesting  and  valuable  batrach- 
ian  is  a  queer  medley  of  fact  and  fiction. 

For  the  sake  of  brevity  we  will  pass  over  this  topic  very  briefly 
and  omitting  an  account  of  the  venomous  character  and  medicinal 

*Bufo   boreas 
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virtue,  as  well  as  many  other  equally  ludicrous  qualities  attributed 
by  the  ancients  of  Europe  to  this  harmless  and  humble  animal,  will 
touch  upon  certain  beliefs  that  are  now  current  in  this  country. 

Perhaps  the  creation  of  the  imagin?tk»;i  iliiit  is  given  more  cred- 
ulity than  any  other,  is,  that  to  touch  a  toad  \vill  cause  warts  on 
the  hand.  Other  beliefs  that  have  been  held  m  this  countr}'',  (wc 
hesitate  to  say  that  any  of  them  are  n(Av  held)  arc,  that  to  kill  a 
toad  will  produce  bloody  milk  in  cows;  that  a  toad's  breath  wiil 
cause  convulsions  in  children ;  that  a  toad  in  a  newly  dug  well  will 
insure  a  good  and  unfailing  supply  :»t  water:  and  that  a  toad  in  a 
new  made  cellar  will  bring  prosperity  lo  the  hovsehold. 

No  less  absurd  than  the  above  are  the  statements 
that  we  often  see  in  the  papers  to  the  effect  that  some 
particular  section  has  been  visited  by  toads  that  fell  in 
a  recent  storm  in  such  numbers  as  to  be  very  abundant 
in  the  roads,  on  the  sidewalks  and  over  the  entire  surface  of  the 
ground.  While  it  may  not  be  an  entire  impossibility  for  a  toad 
to  be  picked  up  by  a  tornado  or  cyclone,  no  one  would  accredit  such 
an  atmospheric  condition  wath  the  power  of  selecting  toads  from 
among  the  other  equally  movable  objects,  or  if  other  objects  were 
taken  into  the  upper  air  along  with  toads  we  might  rationally  predict 
that  both  classes  of  objects  would  be  deposited  in  the  same  places. 

The  explanation  of  the  occurrence  of  toads  in  noticeable  num- 
bers is  usually  to  be  foimd  in  the  fact  that  they  have  either  hatched 
and  grown  to  a  sufficient  size  for  migration  in  some  nearby  swamp 
or  pond,  or  that  adult  toads  are  on  their  way  to  or  from  such  near- 
by breeding  places.  It  is  well  known  that  toads  during  the  sunny 
hours  of  the  day  seek  protection  under  stones,  boards,  bridges,  in 
dense  vegetation  or  in  the  soft  earth — in  other  words,  moist,  cool 
locations.  For  a  short  time  after  a  storm,  when  the  air  is  cool  and 
the  earth  and  vegetation  are  wet,  the  toads  are  known  to  venture 
forth  even  at  midday  as  they  do  in  the  cool  twilight  hours  of  the 
evening  and  morning. 

LIFE  HISTORY  AND  HABITS. 

The  toad  in  common  with  other  batrachians,  and  like  reptiles, 
spends  the  winter  months  in  hibernation.  In  the  early  spring,  when 
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the  eaVth  has  become  warmed,  the  toad  emerges  from  its  winter 

quarters,  and,  during  the  warm  hours  of  the  day,  makes  its  way  to 

some  pool  or  stagnant  water  where  it  meets  others  of  its  kind.    A 

little  later,  their  shrill  cry,  the  mating  call,  may  be  heard.    The  eggs 

of  the  toad  and  those  of  the  frog  may  both  be  found  in  the  same  pool, 

the  former  in  long  slimy  strings,  the  latter  in  irregular  masses.    In 

about  four  weeks  the  eggs  hatch  and  the  tadpoles,  which  at  first 

are  very  small  and  very  numerous,  feed  on  the  vegetable  detritus 
and  slime  which  are  found  on  the  bottom  of  the  pond  and  attached 

to  weeds,  sticks,  etc. 

The  tadpole  has  become  full  grown  and  has  transformed  to  a 
very  small  toad  by  about  the  first  of  August,  in  this  climate.  The 
young  toads  leave  the  pond  and  scatter  in  all  directions,  keeping  out 
of  sight  because  of  their  sensitiveness  to  heat  except  after  showers 
when  the  earth  is  cool  and  damp. 

Kirkland  states  that  he  removed  1279  ova  from  one  average-sized 
female  which  had  already  commenced  laying.  This  statement  indi- 
cates great  powers  of  multiplication  in  this  animal.  We  haVe  ob- 
served, however,  that  a  large  proportion  of  the  tadpoles  never  mature 
into  toads. 

For  hibernating  quarters  the  toad  makes  use  of  cavities  under 
rocks,  in  cellars,  in  rubbish  heaps,  etc. 

Both  in  summer  and  in  winter  the  temperature  of  the  amphi- 
bian and'reptilian  body  is  about  that  of  the  surrounding  air  or  water. 
When  the  surrounding  medium  goes  below  certain  temperatures, 
the  animal  becomes  torpid,  stiflf  and  may  even  freeze  without  injury. 
If  brought  into  a  warm  room  such  an  animal  soon  becomes  active 
as  in  the  summer  only  to  return  to  the  same  stupor  when  returned 
to  the  cold.  That  the  physiological  state  of  hibernation  is  not  de- 
pendent alone  on  a  fall  in  temperature  is  shown  by  the  fact  that  the 
many  animals  go  into  hibernation  long  before  the  approach  of  cold 
weather  and,  further,  by  the  fact  that  other  animals  hibernate  in 
warm  weather  during  the  period  that  their  appropriate  food  is 
scarce.  Some  animals,  morever,  are  not  aroused  from  their  hiber- 
nating torpor  by  being  brought  into  a  warm  atmosphere. 

When  roughly  handled,  the  toad  sercets  from  the  wart-like  pro- 
jections on  the  back  a  milky  fluid  of  a  most  offensive  odor.    That 
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this  secretion  is  not  objectionable  to  all  animals  is  shown  by  the 
fact  that  hawks,  owls,  etc.,  include  toads  in  their  fare. 

LENGTH  OF  LIFE  OF  THE  TOAD. 

European  literature  gives  authentic  record  of  a  toad  that  lived 
36  years  and  was  then  killed  by  accident.  Kirkland,  in  his  paper  al- 
ready referred  to,  records  the  results  of  his  inquiry  into  this  inter- 
esting matter  in  the  following-  words : 

''Nearly  every  old  New  England  homestead  has  one  or  more 
semi-domesticated  toads  whose  age  can  only  be  conjectured.  The 
writer  has  sought  different  parts  of  the  state  (Massachusetts)  among 
families  who  have  long  resided  on  the  places  they  now  occupy,  for 
some  accurate  information  on  this  subject,  and  from  a  mass  of  state- 
ments, given  in  many  cases  with  strong  corroboratory  details,  there 
may  be  taken  apparently  veracious  records  of  two  toads  that  have 
occupied  dooryards  in  two  different  towns  for  twelve  and  twenty- 
three  years  respectively.  The  histories  of  these  toads  have  been 
given  me  by  people  of  unqustionable  veracity,  yet  I  hesitate  to  pre- 
sent the  records  as  facts,  since  from  the  evidence  offered  I  cannot 
feel  positive  that  the  identity  of  the  toad  in  either  case  has  remain- 
ed unchanged.  There  can  be  but  little  doubt  that  toads  live  to  a  con- 
siderably greater  age  than  is  supposed  and  we  may  hazard  the 
opinion  that  many  of  them  reach  an  age  of  at  least  ten  or  fifteen 

years.*' 

FEEDING  HABITS. 

Particularly  in  the  dry  climate  of  Montana,  toads  are  seldom 
seen  during  the  sun-lit  hours  of  the  day.  That  they  occur  here, 
however,  is  known  to  all  observing  people..  In  the  spring  of  the 
year  they  may  be  found  in  large  numbers  in  ponds  and  pools. 

The  toad  takes  only  living,  moving  animal  life  as  food.  Dead 
food  is  rejected.  Motionless  living  food  is  likewise  rejected  as  has 
been  observed  by  the  writer  and  other  authors.  Insects  that  "play 
'possufti"  and  remain  motionless  are  not  taken  by  the  toad. 

Unlike  the  tongue  of  most  other  vertebrates  that  possess  this 
organ,  that  of  the  toad  is  attached  only  at  the  anterior  end  where 
it  is  fastened  to  the  floor  of  the  mouth.  It  is  coated  with  an  adhesive 
substance  that  causes  insects  to  adhere  when  touched  by  it.     By  a 
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very  quick  motion  the  tongue  leaves  the  mouth,  touches  and  picks 
up  the  food,  and  returns.  So  quick  is  the  motion  that  the  eye  can 
scarcely  follow  it. 

While  out  on  their  foraging  expeditions  these  animals  show  in- 
teresting traits.  Mr.  Kirkland  observed  eight  good-sized  toads 
seated  under  an  arc  light  engaged  in  picking  up  insects,  which,  de- 
prived of  their  wings,  fell  from  the  lamp  above.  A  ph3;sician  in 
Maiden,  Dr.  Charles  Burleigh,  observed  that  a  colony  of  some  half 
dozen  toads  made  their  abode  under  his  piazza,  and  each  summer 
night  about  eight  o'clock  went  forth  down  the  walk  and  into  the 
street  where  they  stationed  themselves  under  an  arc  light.  Here 
they  fed  upon  the  insects  that  fell  from  the  lamp  until  the  electric 
current  was  turned  off  when  they  returned  to  their  accustomei 
shelter.  From  his  observations,  Mr.  Kirkland  concluded  that  under 
ordinary  conditions  toads  feed  continuously  throu,i?,liout  the  right 
except  where  food  is  abundant.  He  observed  thnt  iu  twenty-four 
hours  the  food  consumed  was  equal  to  four  times  the  stomach 
capacity. 

It  would  be  interesting  to  follow  in  detail  the  results  of  Mr. 
Kirkland's  examination  of  the  stomach  contents  of  149  toads  but  we 
must  abbreviate  and  summarize. 

Various  investigators  have  shown,  and  it  is  a  matter  of  common 
observation,  that  the  toad  takes  pretty  much  any  living  animal  food 
that  crosses  its  path,  provided  it  is  not  too  large  to  be  swallowed 
whole.  It  follows  then  that  in  various  parts  of  the  country  the  diet 
of  the  toad  will  be  determined  largely  by  what  are  the  common  in- 
sects found  on  the  ground  and  low-growing  vegetation,  where  the 
toad  can  reach  them.  The  following  table  by  Mr.  Kirkland  shows 
the  results  of  the  examination  of  149  stomachs  contents,  in  Mas- 
sachusetts. Were  such  a  study  to  be  made  in  Montana  the  gener- 
al character  of  the  food  would  be  the  same  but  in  detail  it  would 
be  very  different. 

Unidentilied  material   5  per  cent. 

Gravel    i  per  cent. 

Vegetable  detritus i  per  cent. 

Worms    I    per   cent. 

Snails I  per  cent. 
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Sow-bugs 2  per  cent. 

Myriapods  lo  per  cent. 

Spiders    2    per    cent. 

Grasshoppers  and  crickets 3  per  cent. 

Ants    19  per  cent. 

Carabids    8  per  cent. 

Scarabaeids   6  per  cent. 

Click  beetles 5  per  cent. 

Weevils    5   per   cent. 

Chrysomelids    I  per  cent. 

Carrion  beetles i  per  cent. 

Miscellaneous  beetles    i  per  cent. 

Total  beetles 27  per  cent. 

Cut   worms    16  per   cent. 

Tent  Caterpillars  .  .• 9  per  cent. 

Miscellaneous  larvae    3  per  cent. 

Total  cut  worms,  caterpillars,  etc.  28  per  cent. 
The  gravel  and  vegetable  detritus  were  doubtless  taken  by 
accident  in  the  rapid  stroke  of  the  tongue  with  which  the  food  is 
taken  into  the  mouth.  It  may,  however,  be  of  some  value  in  grind- 
ing up  the  food,  though  it  is  not  always  found  in  the  stomach.  Of 
the  total  food  98  per  cent  is  animal  and  by  far  the  greater  part  of 
this  is  insect  life. 

In  this  brief  account  we  will  not  discuss  each  of  the  items 
in  the  above  table,  but  we  would  call  attention  to  the  large  pro- 
portion of  grasshoppers,  ants,  scarabaeids,  click-beetles,  weevils, 
chrysomelids,  cut-worms,  tent  caterpillars,  and  miscellaneous  lar- 
vae all  of  which  are  for  the  most  part  injurious. 

THE  AMOUNT  OF  FOOD  THE  TOAD  EATS. 

When  in  the  presence  of  abundance  of  food  the  toad  eats  a  very 
large  amount.  Mr.  F.  H.  Mosher  of  Massachusetts  fed  between 
thirty  and  thirty-five  full  grown  celery  worms  to  one  toad  in  three 
hours  time.  Mr.  J.  E.  Wilcox,  an  employe  of  the  Gypsy  Moth  Com- 
mittee of  the  Massachusetts  State-  Board  of  Agriculture,  before  that 
committee  was  abolished  and  its  work  abandoned,  fed  to  a  toad 
of  medium  size  twenty-four  fourth  molt  gypsy  moth  larvae,  all  of 
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which  were  swallowed  in  less  than  ten  minutes.  Mr.  Kirkland 
found  in  a  single  stomach  the  remains  of  twenty-seven  myriapods, 
in  another  fifty-five  army  worms,  in  another  sixty-five  gypsy  moth 
caterpillars  and  in  another  thirty-seven  tent  caterpillars. 

It  is  not  possible  to  make  even  an  approximate  estimate  of  the 
financial  equivalent  of  the  saving  to  crops  brought  about,  by  the 
toad,  but  the  foregoing  facts  are  enough  to  remove  any  shadow 
of  doubt  that  this  humble  animal  is  of  great  value  to  the  gardiner, 
florist,  fruit-grower  and  general  agriculturist. 

THE  TOAD  SHOULD  BE  PROTECTED  AND  FAVORED 

The  wanton  destruction  of  toads  by  ubiquitous  boys  is  known 
to  all.  It  is  not  an  uncommon  thing  for  a  party  of  boys  to  or- 
ganize an  expedition  to  nearby  ponds  for  the  express  purpose  of 
killing  toads.  Dr.  C.  F.  Dodge,  published  in  the  Worcester  (Mass.) 
Evening  Gazette,  March  31,  1897,  an  account  of  finding  in  a  sin- 
gle day  two  hundred  dead  or  wounded  toads  on  the  shores  of  a 
pond  on  the  grounds  of  Clark  University. 

We  should  not  blame  the  boys  alone  for  this,  the  parents  and 
school  authorities  are  in  a  measure  responsible  for  this  worse  than 
useless  taking  of  life.  Rightly  trained  and  directed  the  boy  can  get 
more  real  pleasure,  and  at  the  same  time  a  pleasure  that  is  infinite- 
ly better  for  him,  by  observing  the  habits  of  toads  and  other  animals. 

The  toad  is  as  deserving  of  protection  by  legislation  as  are  in- 
sectivorous birds.  The  asthetic,  to  be  sure,  is  lacking,  but  the  as- 
thetic  side  of  the  question  is  not  the  one  that  prompts  us  to  enact 
laws  that  make  it  a  misdemeanor  to  kill  birds.  It  is  the  economic, 
and  on  an  economic  basis  the  toad  is  as  deserving  as  almost  any 
bird. 
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A   MANUAL   OF  FRUIT    PESTS    WITH 

REMEDIES. 


In  .this  manual  we  purpose  to  present  in  condensed  and  easily 
accessible  form  the  most  essential  information  regarding  the  more 
important  insects  and  fungus  diseases  that  have  been  recognized  in 
the  state  or  which  are  liable  to  appear  at  any  time.  It  is  our  in- 
tention at  an  early  date  to  prepare  another  manual  similar  to  this 
but  dealing  with  farm,  garden  and  lawn  pests. 

The  reader  should  freely  consult  the  index  in  seeking  the  in- 
formation he  dcsiros.  All  insecticides  and  fungicides  recommended 
are  discussed  at  the  end  of  this  section,  and  formulae  for  their  pre- 
paration are  given. 

Unless  the  fruit-grower  is  confident  that  he  knows  the  pest  he 
is  dealing  with  he  should  send  examples  to  the  Experiment  Station 
for  identification. 

INSECTS  INJURIOUS  TO  THE  APPLE. 

I,  The  Red-humped  Apple  Tree  Caterpillar. 

Bright  colored  caterpillars  with  a  red  hump  on  the  back,  feeding 
on  the  foliage  of  apple.  Seldom  very  abundant. 

Remedy. — Remove  %  hand  or  spray  with  an  arsenical  poison. 

2,  Tent  Caterpillars. 

Hairy  caterpillars  with  a  bright  bluish  stripe  down  the  middle 
of  the  back.  Living  on  wild  and  cultivated  cherry  and  on  apple  in 
the  spring  of  the  year.  They  construct  tents  or  nests  in  the  crotches 
of  limbs  from  which  they  venture  and  feed  during  the  middle  of 
the  day. 

Remedy, — Remove  the  tent  by  hand,  taking  care  to  do  so  when 
the  caterpillars  are  home.  Under  some  conditions  it  is  feasible  to 
locate  and  destroy  their  eggs  during  the  winter.  The  eggs  appear 
as  thickened  bands  on  small  twigs.  Individual  eggs  are  cylindrical 
and  in  the  cluster  rre  placed  on  end,  side  by  side. 
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3,  The  Bud  Moth. 

Brownish  caterpillars  with  black  heads,  feeding  in  the  opening 
buds  of  apple,  pear,  blackberry,  raspberry,  and  other  plants  in  the 
spring  of  the  year.  Sometimes  very  injurious  to  apple, •destroying 
the  fruit  buds,  and  by  eating  out  the  terminal-growing  shoots,  caus- 
ing a  bushy  appearance  of  the  side  buds  and  giving  the  tree  ^n  un- 
natural appearance. 

Remedy. — Keep  the  buds  coated  with  an  arsenical  poison  in 
the  spring  of  the  year. 

4,  Canker  Worms. 

Not  yet  found  in  Montana.  Appearing  soon  after  the  foliage  is 
expanded  in  the  spring.  Rapidly  devouring  the  foliage  or  turning 
it  brown.  Whole  orchards  may  be  seen  to  be  of  a  brown  color  at 
a  distance,  as  a  result  of  the  attacks  of  this  insect.  When  an  ki- 
fested  limb  is  jarred  the  slender  caterpillars,  about  three-fourths  of 
an  inch  long  let  themselves  down  by  silken  threads, 

Remedy, — Spray  promptly  and  thoroughly  with  an  arsenical 
pbison  as  soon  as  their  presence  is  first  detected.  In  regions  where 
they  are  suspected  to  be  present  it  is  well  to  keep  the  trees  banded 
with  building  paper  and  smeared  with  an  adhersive  substance  which 
may  be  watched  in  the  spring  of  the  year  for  the  purpose  of  learning 
whether  or  not  the  wingless  moths  are  ascending  the  trees  to  lay 
their  eggs.  A  large  proportion  of  the  damage  may  be  averted  by 
the  use  of  such  bands.  **Bodlime/'  sold  b}^he  Bowker  Insecticide 
Co.,  Boston  and  Cincinnati,  is  a  good  adhesive  substance  to  use  for 
this  purpose.  Tar  or  printer's  ink  may  be  used  but  are  less  sat- 
isfactory. 

5,  The  Codling  Moth. 

The  larva  is  known  as  the  apple  worm  and  infests  a  number  of 
fruits,  but  is  most  injurious  to  apple  and  pear.  It  is  probably  the 
most  important  pest  with  which  the  Montana  fruit-grower  has  to 
deal. 

Remedy. — Spray  with  Paris  green,  arsenate  of  lead  or  arsenite 
of  lime  after  the  petals  have  fallen,  again  two  weeks  later,  again 
the  first  week  in  August.  If  it  is  not  yet  in  your  orchard,  watch  for 
its  appearance  by  searching  for  wormy  fruit  among  the  wind-falls 


^ 
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and  when  harvesting  the  crop,  and  if  the  pest  is  found,  begin  spray- 
ing the  next -season.  Do  not  bring  to  your  orchards  second-hand 
boxes  from  fruit  dealers  in  town ;  it  is  against  the  laws  of  the  state 
and  you  are  liable  to  prosecution.  Such  a  practice  will  almost  sure- 
ly result  in  the  establishment  of  the  pest  in  your  orchard. 

6,  The  Web-worm. 

Colonies  of  hairy  caterpillars  living  in  tents  on  fruit  and  shade 
trees  in  thd  latter  part  of  the  summer  and  early  fall.  Affected  limbs 
are  enclosed  in  nets  and  the  leaves  are  brown. 

Remedy. — Remove  the  caterpillars  by  hand.  — , 

7,  The  Flat-Headed  Apple-tree  Borer. 

Fairly  common  on  apple  trees  in  western  Montana.  Prefera- 
bly attacks  diseased  or  weakened  trees  and  feeds  in  the  larval  stage 
in  the  trunk  and  larger  branches,  excavating  irregular  cavities 
under  the  bark  and  later  boring  into  the  deeper  parts  of  the  tree.  It 
may  often  be  detected  by  sunken  or  discolored  patches  in  the  bark. 

Remedy. — Not  an  easy  insect  to  combat.  Practice  clean  culture. 
Dig  up  and  bum  worthless  trees  that  are  infested.  In  some  cases  it 
is  advisable  to  locate  the  burrow  of  the  borer  and  dig  out  the  grub 
by  means  of  a  sharp  knife  or  wire  or  other  suitable  instruments, 

9 

taking  care  not  to  injure  the  tree  more  than  necessary.  Use  deter- 
rent washes. 

8,  The  Round  Headed  Apple-tree  Borer. 

Large,  legless  borers  in  the  trunks  of  apple  trees  near  the 
ground.  The  anterior  end  of  th  body  is  of  about  the  same  diameter 
as  the  posterior  part. 

Remedy. — Treat  as  for  flat-headed  borer. 

9,  Apple  Twig-borer. 

Small,  cylindrical,  mahogany-colored  beetles  about  one-third  of 
an  inch  long,  boring  holes  in  twigs  of  apple,  pear,  cherry  and  other 
trees  and  in  grape  vines. 

Remedy. — Pn*ne  oflf  and  burn  infested  stems. 

10,  Leaf-hoppers. 

Small  soft-bodied  insects  with  sucking  mouth  parts,  on  the 
under  side  of  the  foliage  of  apple  and  other  fruits.  Another  species 
is  known  on  pear,  still  another  on  rose. 
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Remedy. — Spray  the  under  side  of  the  foliage  with  kerosene 

emulsion  early  in  the  season  before  the  insects  acquire  wings  and 

^re  able  to  fly. 

II,  Buffalo  Tree-hopper. 

Greenish  or  brownish  three-cornered  insects  which  make  longi- 
tudinal slits  in  the  bark  of  apple,  laying  their  eggs  in  the  slits. 

Remedy. — Prune  oflf  and  bum  affected  twigs,  practice  clean 
culture,  keeping  out  all  weeds  and  unnecessary  vegetation. 

12,  Woolly  Aphis  .of  the  Apple. 

'  May  be  detected  by  the  whitish  woolly  masses  on  the  water- 
sprouts  at  the  base  of  the  tree  and  on  old  scars  on  the  trunk  and 
limbs.  The  colony  masses  are  made  up  of  the  bodies  of  the  lice  and 
cottony  secretion  produced  by  them.  The  most  injurious  form  of 
the  insect  feeds  on  the  roots  of  the  trees. 

Remedy. — For  the  areal  form  use  strong  kerosene  emulsion 
early  in  the  season.  For  the  root  form  dig  away  the  earth  down  to 
the  roots  and  soak  with  hot  water  and  return  what  has  been  removed. 

13,  The  Apple  Leaf -aphis. 

Dark-green  lice  on  the  leaves  of  apple,  causing  them  to  curl. 
Common  throughout  the  state.    More  abundant  on  young  trees. 

Remedy. — When  only  a  few  terminal  branches  are  affected,  dip 
the  affected  parts  into  a  pail  of  kerosene  emulsion.  One  part  in  nine 
of  water,  or  whale-oil  soap  solution,  one  pound  in  eight  gallons  of 
Ivater.  Early  in  the  season  it  is  well  to  single  out  individual  affect- 
ed trees  md  spray  with  one  of  the  above  solutions. 

14,  The  San  Jose  Scale. 

An  insect  which  has  caused  great  destruction  in  the  United 
States  but  which  would  probably  be  much  less  injurious  in  Montana. 
Minute  circular  scales  on  the  bark  of  practically  all  our  common  fruit 
and  shade  trees.  When  abundant,  giving  the  trees  the  appearance 
of  being  coated  with  a  layer  of  ashes. 

Remedy. — Spray  with  lime,  sulphur  wash  when  trees  are  dor- 
mant. 

15,  The  Oyster-shell  Bark-louse. 

Brownish  scale  insects,  one-twelfth  of  an  inch  long,  elongated 
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in  form,  occurring  on  various  plants  but  mostly  on  apple,  on  which 
it  is  most  abundant  at  the  ends  of  the  twigs. 

Remedy. — Watch  for  the  exceedingly  minute  whitish  larvae 
early  in  June  and  when  they  appear  spray  with  kerosene  emulsion, 
one  part  in  nine  of  water.  Repeat  in  a  few  days  if  more  larvae  are 
seen. 

1 6,  Putnam's  Scale  Insect. 

This  insect  occurs  sparingly  in  western  jMontana.  Resembles 
the  San  Jose  scale,  being  a  degraded  form  of  life  that  lives  under 
a  very  inconspicuous  scale  closely  adhering  to  the  bark. 

Remedy. — If  necessary  to  treat  for  this,  wash  with  strong  whale 
oil  soap  solution  while  the  trees  are  dormant. 

17,  The  Scurfy  Bark-louse. 

A  white  scale  insect  on  the  bark  of  apple,  pear,  currant  and 
other  rosaceous  plants. 

Remedy. — Watch  "for  the  young  to  hatch  early  in  June  and 
spray  with  kerosene  emulsion,  one  part  in  nine  of  water.  If  neces- 
sary spray  again  ten  days  later. 

18,  Mealy  Bug  on  Apple  and  Pear.* 

Occurs  in  the  vicinity  of  Missoula.  White  cottony  or  mealy 
masses  around  the  buds  in  the  spring.  Found  in  the  winter  under 
the  scales  of  bark.    Has  been  reported  as  injurious  to  young  trees. 

-Remedy. — Use  whale-oil  soap  or  kerosene  emulsion  as  strong  as 
the  trees  will  stand.  In  the  winter  search  for  and  destroy  the  cot- 
tony masses  on  the  trunks  of  the  trees,  using  whale-oil  soap  as 

a  wash.     ^ 

19,  Ants  as  Fruit  Pests. 

We  have  received  reports  of  ants  as  being  injurious  to  young 
friut  trees,  building  their  mounds  at  the  bases  of  the  trees  and  eating 
off  the»bark  and  girdling  the  trunk.  We  have  also  known  ants  to  be 
injurious  to  apple  trees  by  gnawing  the  buds  in  the  soring  of  the 
year. 

Remedy. — Pour  bi-sulphide  of  carbon  into  the  colonial  mounds; 
from  one  to  five  or  six  tablespoonfuls  should  be  enough.  This  sub- 
stance cnust  not  be  put  close  to  the  trunks  of  apple  trees. 

^Phenacoccus  ftp. 
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20,  Grasshoppers. 

Young  grasshoppers  sometimes  crawl  up  the  trunks  of  trees  and 
devour  the  foliage.  Later  when  they  acquire  wings  they  fly  into  the 
trees. 

Remedy. — Spray  the  foliage  heavily  with  arsenate  of  lead.  To 
prevent  the  young  from  ascending  the  trees ;  tie  belts  of  cotton  about 
the  trunk  or  smear  printer's  ink  or  some  other  adhesive  material 
-^n  a  band  of  paper  on  the  trimk. 

21,  The  Clover  Mite. 

Giving  the  leaves  of  apple  and  other  trees  a  whitish  devitalized 
appearance.  In  the  fall  of  the  year  and  during  the  winter  masses  of 
very  minute  reddish  eggs  may  be  found  on  the  trees,  particularly 
in  the  crotches.  The  mites  sometimes  become  annoying  on  lawns 
and  in  dwellings  by  crawling  through  the  windows. 

Remedy. — Spray  affected  trees  with  the  1-1-4  formula  of  lime- 
sulphur  wash  in  the  fall  or  early  spring,  while  the  trees  are  bare  of 
leaves.  Spray  with  kerosene  emulsion  to  destroy  the  pest  in  the  vi- 
cinity of  the  house. 

INSECTS  INJURIOUS  TO  THE  PEAR. 

22,  The  Pear-leaf  Blister-mite. 

Generally  distributed  in  Western  Montana.  Causing  thickened 
reddish  spots  and  blotches  on  the  leaves  of  pear;  later  in  the  season 
the  spots  die  and  turn  brown,  sometimes  causing  the  foliage  to  drop 
prematurely.  Serious  on  individual  trees  but  does  not  soread  ver>' 
rapidly. 

Remedy. — To  prevent  spreading,  gather  and  burn  the  fallen 
leaves  from  invested  trees.  Spray  in  the  spring  before  the  buds 
open  with  the  1-1-4  lime-sulphur  wash. 

23,  The  Pear  Slug. 

Injurious  to  the  leaves  of  pear,  plum  and  cherry.  Slimy  slugs 
on  the  upper  side  of  the  leaves,  eating  off  the  surface  parts,  leaving 
the  under  surface  and  the  network  of  veins,  which  later  turn  brown, 
giving  the  parts  of  the  tree  affected  a  brownish  appearance.      ^ 

Remedy. — Spray  with  arsenical  poisons  or  dust  or  spray  with 
hellebore. 
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INSECTS  INJURIOUS  TO  CHERRIES. 

24,  The  Cherry  Aphis. 

A  dark  colored  aphis  on  the  under  side  of  the  leaves  of  cherry. 
Common  in  western  Montana.    Occuring  throughout  the  state. 
Remedy. — Treat  as  for  apple-leaf  aphis. 

INSECTS  INJURIOUS  TO  THE  PEACH. 

25,  The  Peach  Tree  Borer. 

Primarily  a  peach  pest,  but  attacking  also  cherry,  prunes  and 
plum.  Boring  in  the  trunks  near  the  ground,  causing  characteristic 
gummy  masses  to  exude  on  peach  trees.  The  injury  is  most  appar- 
ent in  the  spring. 

Remedy. — A  difficult  pest  to  control.  Keep  the  trees  well  fed 
and  in  a  healthy  growing  condition.  Prof.  Slingerland  has  recom- 
mended the  use  of  gas-tar  smeared  on  the  trunks  to  prevent  the 
moths  from  depositing  their  eggs,  and  in  combination  with  this  the 
digging  out  method  to  destroy  such  larvae  as  gain  access  to  the  trees. 

26,  The  Peach  Twig  Borer. 

Though  not  yet  found  in  Montana,  it  may  turn  up  at  any  time. 
Reddish  pink  caterpillars  boring  in  the  young  tender  twigs  of  peach, 
plum  and  prune  in  the  early  spring,  later  feeding  in  the  fruit  near 
the  pit. 

Spray  with  strong  kerosene  emulsion  in  the  winter.  The  oil  de- 
stroys the  worms  by  penetrating  into  the  holes. 

INSECTS  INJURIOUS  TO  PLUMS  AND  PRUNES. 

27,  Plum  Gouger. 

Small  beetles,  about  a  quarter  of  an  inch  in  length,  of  a  leaden 
gray  color  with  a  yellowish  head  and  thorax,  eating  pinholes  in 
growing  plums.  The  larva  of  grub  feeds  in  the  pit,  later  eating  its 
way  out  through  the  pit  and  flesh  of  the  plum  just  as  the  fruit  ma- 
tures.   Attacks  only  American  varieties. 

Remedy. — Jar  the  trees  early  in  the  morning  or  in  the  evening 
when  the  trees  are  in  bloom  and  the  fruit  is  setting,  catching  the 
beetles  that  drop  on  a  sheet  spread  underneath.  A  few  beetles  are 
able  to  do  a  great  damage.    Prof.  Gillette  found  that  a  single  female 
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lays  as  many  as  450  eggs.  Gather  and  destroy  all  the  stung  plums 
before  the  grubs  escape.  Spray  heavily  with  arseimte  of  lead  I:e- 
fore  the  blossoms  are  out. 

28,  The  Plum  Curculio. 

The  beetles  make  a  crescent-shaped  slit  on  the  fruit  of  the  plum. 
The  larva  feds  in  the  young  fruit  causing  it  to  drop.  Said  to  be  in 
the  Bitter  Root  valley. 

Remedy. — Spray  thoroughly  with  arsenical  insecticides  before 
the  leaves  open.  Jar  the  trees  in  the  early  morning  catching  the  bee- 
tles on  canvas  or  a  sheet  and  destroying  them  by  burning  or  cruch- 
ing.     Promptly  gather  and  destroy  fallen  fruit. 

29,  Plum  Aphis. 

Numerous  pale-green  lice  on  tender  shoots  of  plum.  Common 
in  Montana,  sometimes  injurious. 

Remedy — Treat  as  for  apple  aphis,  but  use  extra  precaution  as 
the  plum  foliage  is  much  more  liable  to  be  injured  by  insecticides. 

30,  The  Box  Elder  Plant-bug. 

Sometimes  very  injurious  to  foliage  and  fruit  of  plum  and 
prunes.  Feeds  primarily  on  box  elder.  Red  and  black  bugs  with 
a  long,  jointed  snout 

Remedy. — Spray  with  kerosene  emulsion  to  kill  the  young  in- 
sects. It  is  sometimes  necessary  to  remove  neighboring  box  elder 
trees  for  the  sake  of  doing  away  with  the  breeding  place  of  the 
insects. 

INSECTS  INJURIOUS  TO  THE  STRAWBERRY. 

31,  The  Strawberry  Leaf-roller. 

Generally  distributed  in  Montana,  and  at  times  a  destructive 
species.  Feeds  on  strawberry,  blackberry,  raspberry  and  other 
plants.  Rolls  or  crumples  the  foliage.  Larvae  small,  greenish  in 
color. 

Remedy. — After  harvesting  the  crop,  mow  the  vines,  leaving 
them  to  dry.  Then  burn  them.  If  there  are  enough  vines  to  burn 
well  first  put  some  hay  or  straw  over  the  field.  If  preferred  vines 
may  be  sprayed  with  arsenate  of  lead  after  harvesting  the  fruit. 

32,  The  Tarnished  Plant-bug. 

Common  throughout  the  state.  Native  to  Montana,  feeding  on 
many  wild  plants.    About  one-fourth  of  an  inch  in  length,  variable 
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in  color,  but  usually  marked  with  yellow,  black  and  brown.  Flies 
when  disturbed.  Most  injurious  in  the  spring  of  the  year  when  they 
attack  tender  shoots  and  opening  buds.  Most  commonly  known  in 
Montana  as  an  enemy  to  blossoms  and  young  fruit  or  strawberry 
and  to  young  trees  in  the  nursery  row.^ 

Remedy. — It  is  not  always  easy  to  control  this  insect.  When 
found  on  young  fruit  trees,  jar  them  off  in  the  cool  of  the  day  into 
some  receptacle  which  contains  kerosene  oil. 

33,  Strawberry  Root  Weevil.* 

Small  h^d  beetles  with  4k^^ongated  snout  which  feed  on  the 
foliage  of  strawbenies  in  the  early  summer  The  larvae  feed  on  the 
roots  and  are  very  injurious. 

Remedy. — Delay  the  planting  of  the  new  crop  until  the  beetles 
have  deposited  their  eggs.  Keep  the  foliage  coated  with  arsenate 
of  lead  in  the  early  part  of  the  summer. 

34,  Strawberry  Crown  Borer. 

Small  yellowish  white  grubs  boring  in  the  crown  of  plants  dur- 
ing the  summer.  A  species  which  though  not  yet  recognized  in  Mon- 
tana is  liable  to  be  introduced  at  any  time  on  imported  plants. 

Remedy. — In  a  field  that  is  known  to  be  infested  do  not  allow 
the  plants  to  become  very  old  but  start  a  new  bed  at  some  distance 
from  the  old  one;  burn  over  the  patch  as  for  the  strawberry  leaf- 
roller. 

INSECTS  INJURIOUS  TO  CURRANTS  AND  GOOSEBERRIES. 

35>  Native  Currant  Saw-fly. 

Pale-green  larvae  which  appear  in  the  latter  part  of  June  or 
early  in  July  and  very  rapidly  devour  the  foliage  of  gooseberry  and 
current  bushes.  The  second  brood  appears  about  three  weeks  later. 
Shows  preference  for  gooseberry. 

Remedy. — Dust  the  bushes  with  powdered  hellebore  or  spray 
at  the  rate  of  one  pound  to  a  gallon  of  water.  Be  prompt  in  the 
treatment  and  do  not  allow  them  to  defoliate  the  bushes. 

36,  Currant  Flies. 

Maggots  feeding  the  fruit  of  the  currant,  causing  here  and  there 

*Otiorhynchti8  ovatus    Linn. 
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a  berry  to  turn  red  prematurely;  in  severe  cases  causing  the  entire 
crop  to  fall  to  the  ground. 

Remedy. — Either  gather  the  fallen  fruit  frequently  and  destroy 
it,  or,  after  all  of  the  insects  have  dropped  to  the  ground,  turn  with 
a  plow  a  deep  furrow  of  earth  against  the  row,  then  with  a  rake  or 
shovel  smooth  the  earth  doWn  around  the  bushes  so  as  to  cover  up 
the  hibernating  insects  so  deeply  that  they  cannot  escape.  This 
should  be  done  in  the  fall  or  early  spring. 

37,  The  Currant  Stem  Borer. 

Larvae  of  a  clear-winged  moth,  a  near  relative  of  the  peach 
borer,  which  makes  burrows  in  the  dhrrant  canes,  sometimes  becom- 
ing very  injurious. 

Remedy. — Watch  the  currant  bushes  in  the  early  part  of  the 
summer  about  the  time  the  fruit  is  setting  and  cut  out  and  burn 
affected  canes  which  may  be  detected  by  the  yellowish  color  or 
wilted  condition  of  the  foliage. 

38,  Currant  Leaf-hopper. 

Minute  whitish  insects  on  the  under  side  of  foliage  of  currant 
in  the  early  part  of  the  season.  Later  they  acquire  wings  and  have 
pinkish  markings. 

Remedy. — Spray  the  under  side  of  the  foliage  with  kerosene 
emulsion,  one  part  in  nine  of  water  in  the  early  part  of  the  season. 

39,  The  Currant  Aphis. 

Green  lice  on  the  under  side  of  currant  leaves,  causing  the  leaves 
to  turn  reddish  in  color  and  to  have  an  irregular  surface. 

Remedy. — Spray  with  kerosene  emulsion  or  whale-oil  soap  solu- 
tion. This  spray  kills  only  by  coming  in  contact  with  the  lice,  there- 
fore direct  it  against  the  under  side  of  the  leaves. 

40,  Currant  Thrips. 

Minute  reddish  insects  of  elongated  form  which  cluster  on 
the  tender  buds  and  blight  them. 

Remedy. — Pick  off  and  destroy  the  affected  parts. 

41,  Currant  Cottony  Scale. 

Cottony  masses  on  the  canes  of  currant  and  gooseberry. 

Remedy. — Spray  with  whale-oil  soap  solution,  i  pound  in  4 
gallons  of  water  during  the  winter.  In  gardens  where  it  is  possible 
wash  off  the  cottony  masses  with  a  strong  stream  of  water. 
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42,  The  Gooseberry  Fruit-worm. 

A  near  relative  of  the  codling  moth  which  feeds  in  the  goose- 
berry fruit,  causing  it  to  prematurely  turn  color  and  later  to  drop 
off.  Several  berries  are  often  bound  together.  Common  in  the 
fruit-growing  sections  of  the  state. 

Remedy. — Carefully  go  over  the  bushes  and  pick  off  the  affected 
berries  and  destroy  them  before  the  worms  leave.  Do  this  at  least 
twice  in  the  season. 


FUNGUS  DISEASES. 


I,  Black  Spot,  or  Apple  Canker. 

This  is  peculiarly  a  northwest  disease  and  attacks  only  the  ap- 
ple. It  is  said  to  occur  in  western  Montana.  The  disease  is  confined 
to  the  bark  and  pioduces  characteristic  brownish  or  nearly  black 
spots.    The  spores  are  distributed  during  the  early  fall. 

Remedy. — Under  some  circumstances  relief  may  be  secured  by 
cutting  out  the  affected  parts.  Since  the  disease  spreads  from  No- 
vember 1st  to  February  ist,  it  is  evident  that  trees  should  be  coated 
with  a  fungicide  during  this  period.  On  account  of  frequent  storm "> 
however,  it  would  be  difficult  to  keep  a  fungicide  on  the  trees. 

2,  Crown  Gall. 

Various  plants,  including  apple,  almond,  apricot,  blackberry, 
cherry,  chesnut,  English  walnut,  grape,  peach,  pear,  plum,  raspberry, 
and  poplar  are  affected  with  abnormal  growths  on  the  roots  which 
have  been  called  crown-gall.  These  galls  vary  from  a  size  as  big 
as  a  fist  or  larger  down  to  very  small  excrescences  on  the  fine  roots. 
Whether  or  not  all  of  these  trees  are  affected  with  the  same  organ- 
ism is  not  clear.  A  serious  trouble  on  apple  in  Montana.  Irrigation 
seems  to  favor  its  development. 

Remedy. — Do  not  plant  affected  trees.  Examine- the  roots  of 
all  new  stock  and  discard  any  that  shows  even  the  slightest  sign 
of  this  disease. 

3,  Apple  Scab. 

Attacks  leaves  and  fruit  and  sometimes  also  the  twigs.  Circu- 
lar smoky  spots  on  the  fruit  which  interfere  with  its  development. 
Spots  begin  to  appear  when  the  fruit  is  about  half  grown.     They 
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may  be  as  large  as  a  dime,  but  are  usually  smaller.  On  the  leaves 
the  fungus  appears  as  dark  olive  green  spots  which  do  not  have  a 
distinct  border  line  and  occur  mostly  on  the  upper  side  fo  the  leaf. 
Remedy. — Spray  with  Bordeaux  mixture  three  times  and  ammon- 
iacal  copper  carbonate  (cupram)  twice.  First  spraying  of  Bordeaux 
should  be  applied  just  before  the  blossom  open,  the  second  just  after 
the  petals  fall,  the  third  about  ten  or  twelve  days  later.  The  two 
sprayings  of  cupram  should  follow  the  Bordeaux  at  intervals  of  two 
weeks.  Bordeaux  is  not  used  in  the  last  two  sprayings  since  it 
causes  the  fruit  to  russet. 

4,  Pear  Scab. 

So  similar  to  apple  scab  that  no  separate  account  is  necessary. 
Remedy. — Treat  as  for  apple  scab. 

5,  Pear  Blight  or  Fire  Blight. 

Attacking  individual  limbs  of  pear,  and  occasionally  apple  and 
quince  also.  Rapidly  spreading  until  the  whole  tree  may  be  in- 
volved. The  foliage  turns  suddenly  brown  as  if  by  fire  and  an  ex- 
amination under  the  bark  shows  a  fermented  condition.  This  dis- 
ease is  believed  to  be  distributed  by  insects  that  visit  the  flowers, 
as  well  as  by  other  means. 

Remedy. — Cut  out  the  disease  as  soon  as  it  appears  and  prune 
again  whenever  necessary.  Always  cutting  below  the  point  where 
the  disease  is  reached.  It  is  usually  best  to  cut  at  least  a  foot  below 
the  point  where  the  disease  appears  to  end. 

6.  Gooseberry  Mildew. 

This  troublesome  disease  usually  appears  in  the  spring  upon 
the  developing  buds  and  leaves,  first  showing  as  a  sparse  cob-webby 
coating,  which  later  develops  into  a'  denser  white,  powdery  coating. 
The  young  berries  are  also  attacked.  A  serious  disease  which  very 
much     interferes  with  the  growing  of  choice  foreign  varieties. 

Remedy. — Spray  with   potassium  sulphite  at  the   rate  of  one- 
half  ounce  to  one  gallon  of  water,  making  the  first  application  as 
soon  as  the  leaves  begin  to  unfold,  repeating  the  operation  at  enter-- 
vals  of  one  to  three  weeks.    The  ammoniacal  solution  of  copper  car- 
bonate would  probably  be  equally  effective. 
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INSECTICIDES  AND  FUNGICIDES. 

Arsenate  of  Lead. 

This  valuable  insecticide  is  rapidly  coming  to  the  front  as  a 
safe  and  reliable  arsenical  poison.  It  can  be  applied  to  the  foliage 
in  any  desired  strength  without  injury,  and  when  applied  remains 
through  rain  "Storms.  Its  white  color  may  be  detected  on  the  leaves 
thereby  serving  as  a  guide  in  its  application:  It  is  made  by  the 
union  of  acetate  of  lead  and  arsenate  of  soda,  both  being  soluble  in 
water.  It  is  no  longer  necessary  for  the  user  to  make  his  own  arsen- 
ate of  lead  for  it  is  now  being  sold  at  reasonable  prices  by  the  Bow- 
ker  Insecticide  Co ,  Boston,  Mass.,  and  Wm.  H.  Swift,  Boston,  Mass* 

Paris  Green. 

Paris  green  is  an  old,  well-known  arsenical  insecticide.  It  was 
first  brought  to  prominence  in  connection  with  the  war  that  was 
waged  against  the  Colorado  potato-beetle  in  the  western  states  be- 
tween i860  and  1870 

In  spraying  with  this  substance  a  hot  day  should  be  avoided  if 
possible,  especially  if  it  is  desired  to  apply  nearly  to  the  limit  of  what 
the  foliage  will  stand  without  injury.  The  water  on  the  foliage  soon 
becomes  warmed  and  when  warm  dissolves  the  Paris  green  more 
rapidly,  thereby  resulting  in  injury  to. the  leaves. 

Arsenite  of  Lime. 

t  — 

The  desire  for  a  reliable  and  cheaper  arsenical  insecticide  has 
led  to  the  employment  of  a  product  resulting  from  the  union  of 
freshly  slacked  lime  and  commercial  white  arsenic.  The  propor- 
tions are : 

Commeicial  white  arsenic i  pound. 

Unslacked  lime 2  pounds. 

Water 2  gallons. 

Boil  together  for  twenty  minutes  to  half  an  hour.  As  soon  as 
the  arsenic  is  dissolved  it  is  precipitated  by  the  lime  as  insoluble 
arsenite  of  lime.  There  is  danger  however  that  not  all  the  arsenic 
will  be  precipitated  out  as  it  is  difficult  to  tell  when  all  has  been 
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dissolved.     For  this   reason   the  following  formula   is   considered 
much  mor€  reliable: 

White  arsenic 2  pounds. 

Sal  soda  4  pounds. 

Water  2  gallons. 

Boil  for  about  fifteen  minutes  or  until  all  is  dissolved,  leaving 
a  clear  liquid.  Add  water  enough  to  replace  what  has  boiled  away 
to  prevent  chrystalization  of  the  arsenite  of  soda.  A  large  quantity 
may  be  prepared  at  one  time  and  kept  as  a  stock  solution  to  be  used 
when  desired.  It  should  be  covered  to  prevent  evaporation  and 
plainly  labeled  for  it  is  a  deadly  poison.  One  pint  of  this  stock 
is  approximately  equivalent  to  four  ounces  of  Paris  green.  It  should 
be  used  only  in  a  solution  in^which  lime  is  present  for,  as  seen  above,, 
it  is  soluble  in  water.  With  lime  it  forms  arsenate  of  lime  which  is 
the  resulting  product  of  the  previous  formula.  It  may  also  be  used 
in  connection  with  Bordeaux  mixture,  in  which  case  Bordeaux  mix- 
ture is  used  as  a  diluent  in  place  of  water. 

Counting  the  cost  of  the  preparation  of  arsenite  of  lime  it  is  not 
probable  it  will  be  found  cheaper  unless  large  quantities  are  to  be 
used.  In  using  this  substance  in  preference  to  Paris  green,  however, 
one  avoids  the  danger  of  purchasing  adulterated  goods. 

Hellebore. 

Hellebore  has  a  narrow  range  of  usefulness  and  is  effective 
chiefly  against  saw-fly  larvae.  It  kills  by  coming  in  contact  with 
soft-bodied  insects  or  by  being  eaten.  It  is  usually  dusted  on  the 
foliage  either  pure  or  mixed  with  twice  its  amount  of  lime,  plaster 
or  cheap  flour.  The  foliage  should  be  moist  when  it  is  applied  in  a 
dry  form,  otherwise  it  will  not  adhere.  In  Montana  where  the  foli- 
age is  almost  perpetually  dry,  it  would  be  better  to- apply  it  as  a 
spray  at  the  rate  of  one  ounce  to  2-4  quarts  of  water.  Hellebore  is 
not  poisonous  to  man. 

Kerosene  Emulsion. 

Pure  kerosene  is  fatal  to  almost  "all  insects.  It  is  extremely  pen- 
etrating and  enters  the  breathing  pores  of  the  insects  and  interfering 
with  their  breathing  causes  their  death.  Pure  kerosene,  however^ 
is  more  or  less  injurious  to  plant  life  and  for  this  reason  has  to  be 
diluted  in  some  way.  Since  it  will  not  mix  with  water  it  is  necessary 
to  form  an  emulsion,  and  soap  is  usually  used  for  this  purpose. 
A  good  formula  is: 

Ordinary  bar  soap y^  pound. 

Soft  water  I  gallon. 

Kerosene   2  gallons. 
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The  water  is  placed  over  a  stove  to  heat  and  the  soap  shaved 
into  it.  When  the  soap  is  dissolved  and  the  water  has  reachedd  the 
boiling  point  the  solution  is  poured  into  the  kerosene  and  vigouous- 
ly  churned  for  four  or  five  minutes  with  a  force  pump  the  nozzle  of 
which  is  directed  back  into  the  vessel.  The  mixture  takes  on  a 
milky  appearance  and  on  cooling  becomes  jelly--like.  This  is  the 
stock  emulsion  and  if  properly  prepared  will  keep  for  a  considerable 
length  of  time,  but  should  be  diluted  when  used. 

Whale-oil  Soap. 

Whale-oil  soap,  more  correctly  known  as  fish-oil  soap,  is  of 
great  value  as  an  insecticide  against  certain  classes  of  insects  par- 
ticularly scale  insects.  Some  species  of  plant  lice  which  fail  to  suc- 
cumb to  an  application  of  very  strong  kerosene  emulsion  are  readi- 
ly killed  with  a  solution  of  whale-oil  soap.  An  example  is  the  louse 
so  commonly  attacking  spruce  trees  in  Montana  causing  cone-like 
galls  on  the  twigs. 

Ordinary  foliage  will  not  safely  stand  a  stronger  solution  than 
one  pound  in  four  gallons  of  water.  Most  plant  lice  are  readily  kill- 
ed by  I  pound  in  6  gallons  of  water.  If  a  good  whale-oil  soap  can- 
not be  obtained  a  substitute  may  be  made  by  the  following  formula : 

Concentrated  lie 3J4  pounds. 

W'ater 8  gallons. 

Fish-oil I  gallon. 

Dissolve  the  lie  in  boiling  water  and  add  the  oil  to  the  solution 
still  boiling.  Continue  to  boil  for  two  and  a  half  hours  and  then 
allow  it  to  cool.  The  fish-oil  can  be  obtained  in  eastern  markets  and 
beyond  doubt  it  would  be  cheaper  for  the  fruit-grower  to  make  his 
own  soap  provided  he  intends  to  use  a  considerable  quantity. 

Lime-Sulphur-Salt  Solution. 

This  insecticide  is  used  chiefly  as  a  means  of  destroying  the 
San  Jose  scale,  but  is  of  great  value  also  as  a  remedy  for  many  other 
pests.  Though  various  formulae  have  been  given  for  the  preparation 
of  this  wash,  the  active  caustic  principle  is  the  same  in  all.  The 
caustic  ingredient  h  produced  by  the  union  if  the  sulphur  and  lime. 
In  part  two  of  Bulletin  56  of  the  Washington  Experiment  Stati-m  by 
Prof.  C.  V.  Piper  and  R.  W.  Thatcher  it  is  shown  by  accurate  chem- 
ical processes  that,  practically  speaking,  one  part  of  lime  causes  two 
parts  of  sulphur  to  go  into  solution  and  that  the  presence  of  salt  in 
the  solution  does  not  influence  the  action  of  the  sulphur  and  lime 
upon  each  other.  It  follows  then,  that  if  a  greater  proportion  of  lime 
is  used,  the  excess  goes  onto  the  tree  merely  in  the  form  of  a  white- 
wash, and  if  the  salt  has  any  value  it  is  purely  a  mechanical  one,  for 
salt  in  such  a  small  proportion  is  valueless  as  an  insecticide.     We 
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are  not  prepared  to  say  that  there  is  not  some  benefit  to  be  derived 
from  the  presence  of  the  salt  and  the  excess  of  lime  and  for  the  pre- 
sent we  recommend  the  formulae  given  below.  We  suggest,  how^- 
ever,  that  fruit-growers  make  more  careful  tests  of  the  wash  with 
the  salt  omitted  and  with  the  sulphur  and  lime  in  the  proportion  of 
I  to  I.  It  will,  of  course,  be  understood  that  a  variation  in  the 
amount  of  water  used  in  the  formulae  will  result  in  making  the  wash 
more  or  less  concentrated  according  as  more  or  less  water  is  used. 

The  ingredients  may  be  used  in  the  following  proportion: 

{  Lime    i   pound. 

Sulphur I  pound. 

Salt 3^  to  I  pound. 

i  Water  4  gallons. 

While  we  recommend  the  addition  of  salt  under  ordinary  cir- 
cumstances, this  substance  is  unnecessary  in  the  treatment  of  pear- 
leaf  blister  mite,  moreover.  Prof.  Piper  found  it  to  be  unnecessary 
in  treating  for  the  San  Jose  scale. 

Slake  the  lime  thoroughly  in  a  vessel,  which  is  to  be  used  in 
boiling  the  mixture,  then  add  the  sulphur;  boil  at  least  for  one  hour 
using  enough  water  to  completely  cover  the  sulphur  and  lime.  Add 
the  remainder  of  the  water  of  the  formula. 

Hyhfocyanic  Acid  Gas. 

This  very  deadly  gas  is  coming  into  common  use  as  a  means  of 
destroying  many  foims  of  insect  life  that  cannot  be  controlled  with 
poisons  or  contact  insecticides. 

The  gas  is  a  deadly  poison  to  all  animal  life  and  in  its  use  great 
care  must  be  taken  not  to  inhale  it.  It  is  prepared  by  the  action  of 
sulphuric  acid  and  potassium  cyanide.  The  potassium  cyanide, 
again,  is  a  deadly  poison  and  a  small  quantity  taken  into  the  stom- 
ach will  result  in  death.  Potassium  cyanide  may  be  obtained  from 
Roesler  Hasslacher  &  Co.  of  New  York  City. 

The  gas  is  used  in  different  strengths  for  different  purposes. 
The  desired  strength  being  obtained  by  taking  a  given  quantity  of 
the  potassium  cyanide  and  adding  to  it  the  required  amount  of  sul- 
phuric acid.  For  fumigation  of  nursery  stock  the  proprtions  used, 
per  each  cubic  foot  of  space  inclosed  are: 

Potassium  cyanide,  0.25  grams. 

Sulphuric  acid,  98  per  cent. 

One-half  more  acid,  liquid  measure  than  cyanide. 

Water,  one-half  more  water  liquid  measure  than  acid. 

The  following  is  taken  from  Johnson's  Fumigation  methods: 

**The  amount  of  cyanide  necessary  for  any  inclosure  is  d»Uermin- 
ed  in  terms  of  grams  per  cubic  foot  of  space  inclosed     To  deter- 
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rrine  the  exact  amount  of  cvanide  necessary  to  ft  miciMte  a  room,  car, 
ship  or  building  of  any  kind  the  cubic  contents  must  be  accurately 
computed.  As  an  example :  a  room  20  x  30  x  10  feet  contains  6,000 
cubic  feet  of  air  space.  To  estimate  the  amount  of  cyanide  ncessary 
for  this  inclosure  multiply  6,000  by  0.25 ;  thus :  6,000  times  0.25  equals 
1500  grams.  To  reduce  this  to  ounces  divide  by  28.35  ^s  there  are 
28.35  grams  in  an  ounce;  thus:  1500  divided  by  28.35  equals  53 
ounces,  the  exact  amount  necessary  for  the  inclosure.  It  is  now 
easy  to  determine  the  amount  of  acid  and  water,  as  a  half  more  acid, 
liquid  measure,  than  cyanide,  and  a  half  more  water  than  cyanide 
are  used;  thus:  53  divided  by  2  equals  26.5,  which  added  to  53 
equals  79.5  ounces  of  acid  or  practically  5  pounds  liquid  measure. 
Again  79.5  or  practically  80,  as  we  usually  discard  fractions,  equals 
40,  which  added  to  80  makes  120  ounces  of  water." 

In  liberating  the  acid  the  gas  is  first  measured  and  poured  into 
an  earthenware  dish,  then  the  yrater  is  measured  and  poured  into  the 
acicL  The  potassium  cyanide  which  has  been  previously  weighed  is 
then  added  to  the  acid  and  water  after  every  precautionary  arange- 
ment  has  been  made.  If  a  room  is  to  be  fumigated,  a  bag  contain- 
ing the  potassium  cyanide  should  be  suspended  directly  above  the 
jar  with  the  string  suspending  it  passing  through  a  pulley.  Then 
the  operator  from  the  door  may  release  the  string  and  allow  the  bag 
to  settle  into  the  jar.  If  the  space  to  be  fumigated  is  under  a  tent 
the  cyanide  may  be  dropped  in  from  the  hand.  Close  the  door  tight- 
ly or  drop  the  tent  quickly  and  leave  the  desired  length  of  time.  The 
room  or  the  tent  should  be  air-tight.  The  exposure  usually  employ- 
ed is  thirty  to  forty  minutes. 

Some  horticulturists  fumigate  their  green-houses  a  few  times  a 
year  and  are  able  b>  this  means  to  keep  down  all  injurious  insects 
except  the  red  spiden  In  fumigating  mills,  hotels,  etc.,  it  is  neces- 
sary to  have  an  arrangement  for  ventilating  the  rooms  from  the  ouj:- 
.  side.  This  may  be  done  by  attaching  cords  to  the  window  sashes. 
After  fumigation,  such  buildings  must  be  allowed  to  ventilate  thor- 
oughly before  entering  them.  In  fumigating  buildings  give  an  ex- 
posure of  I  hour  to  24  hours. 

Bordeaux  Mixture. 

We  quote  the  following  from  Farmers'  Bulletin,  No.  38,  U.  S. 
Department  of  Agriculture,  prepared  by  Dr.  Galloway: 

"All  things  considered,  it  is  believed  that  the  best  results  will 
be  obtained  from  the  use  of  what  is  known  as  the  50-gallon  formula 
of  this  preparation.     This  contains: 

Water 50  gallons. 

Copper  sulphate 6  pounds. 

Unslacked  lime 4  pounds. 
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It  has  been  found  that  the  method  of  combining  the  ingredients 
has  an  important  bearing  on  both  the  chemical  composition  and 
Ihe  physical  structure  of  the  mixture.  The  best  results  have  been 
obtained  from  the  use  of  the  Bordeaux  mixture  made  in  accordance 
with  the  following  directions: 

In  a  barrel  or  other  suitable  vessel,  place  25  gallons  of  water. 
Weigh  out  6  pounds  of  copper  sulphate,  then  tie  the  same  in  a  piece 
of  coarse  gunny-sack  and  suspend  it  just  beneath  the  surface  of  the 
water.  By  tying  the  bag  to  a  stick  across  the  top  of  the  barrel  no 
further  attention  will  be  required.  In  another  vessel  slack  4  pounds  of 
lime,  using  care  in  order  to  obtain  a  smooth  paste,  free  from  grit 
and  small  lumps.  To  accomplish  this  it  is  best  to  place  the  lime  in 
an  ordinary  waterpail  and  add  only  a  small  quantity  of  water  at 
first,  say  a  quart  or  a  quart  and  a  half.  When  the  lime  begins  to 
crack  and  crumble  and  the  water  to  disappear  add  another  quart  or 
more,  exercising  care  that  the  lime  at  no  time  gets  too  dry.  Toward 
the  last  considerable  water  will  be  required,  but  if  added  carefully 
and  slowly  a  perfectly  smooth  paste  will  be  obtained,  provided,  of 
course,  the  lime  is  01  good  quality.  When  the  lime  is  slacked,  add 
sufficient  water  to  the  paste  to  bring  the  whole  up  to  25  gallons. 
When  the  copper  sulphate  is  entirely  dissolved  and  the  lime  is  cool, 
pour  the  lime  milk  and  copper  sulphate  solution  together  into  a 
barrel  holding  50  gallons.  The  milk  of  lime  should  be  thoroughly 
stirred  before  pouring.  The  method  described  insures  good  mixing, 
but  to  complete  this  work  the  barrel  of  liquid  should  receive  a  final 
stirring,  for  at  least  three  minutes,  with  a  broad  wooden  paddle. 

It  is  now  necessary  to  determine  whether  the  mixture  is  per- 
fect— that  is,  if  it  will  be  safe  to  apply  it  to  tender  foliage.  To  ac- 
complish this,  two  simple  tests  may  be  used.  First  insert  the  blade 
of  a  pen-knife  in  the  mixture,  allowing  it  to  remain  there  for  at  least 
one  minute.  If  metallic  copper  forms  on  the  blade,  or,  in  other 
words,  if  the  polished  surface  of  the  steel  assumes  the  color  of  cop- 
per plate,  the  mixture  is  unsafe  and  more  lime  must  be  added.  If, 
on  the  other  hand,  the  blade  of  the  knife  remains  unchanged,  it  is 
safe  to  conclude  that  the  mixture  is  as  safe  as  it  can  be  made.  As 
an  additional  test,  however,  some  of  the  mixture  may  be  poured 
into  an  old  plate  or  saucer,  and  while  held  between  the  eyes  and  the 
light  the  breath  should  be  gently  blown  upon  the  liquid  for  at  least 
half  a  minute.  If  the  mixture  is  properly  made,  a  thin  pellicle,  look- 
ing like  oil  on  water,  will  begin  to  form  on  the  surface  of  the  liquid. 
If  no  pellicle  forms,  more  lime  should  be  added. 

If  spraying  is  to  be  done  upon  a  large  scale,  it  will  be  found 
more  convenient  and  economical  in  every  way  to  prepare  what  are 
known  as  stock  solutions  of  both  copper  and  lime.     To  prepare  a 
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stock  solution  of  copper  sulphate,  procure  a  barrel  holding  fifty  gal- 
lons. Weigh  out  loo  pounds  of  cppper  sulphate  and  after  tying  it 
in  a  sack  suspend  it  so  that  it  will  hang  as  near  the  top  of  the  barrel 
as  possible.  Fill  the  barrel  with  water  and  in  two  or  three  days  the 
copper  will  be  dissolved.  Now  remove  the  sack  and  add  enough 
water  to  bring  the  solution  up  again  to  the  50-gallon  mark,  previ- 
ously made  on  the  barrel.  It  will  be  understood,  of  course,  that  this 
second  adding  of  water  is  merely  to  replace  the  space  previously  oc- 
cupied by  the  sack  and  the  crystals  of  copper  sulphate.  Each  gallon 
of  the  solutiqn  thus  made  will  contain  two  pounds  of  copper  sul- 
phate, and,  under  all  ordinary  conditions  of  temperature,  there  will 
be  no  material  recrystalization,  so  that  the  stock  preparation  may  be 
kept  indefinitely. 

Stock  lime  may  be  prepared  in  the  same  way  as  the  copper  sul- 
phate solution.  Prepare  a  barrel  holding  50  gallons,  making  a 
mark  to  indicate  the  50-gallon  point.  Weigh  out  100  pounds  of  lime, 
place  it  in  a  barrel  and  slack  it.  When  slacked,  add  sufficient  water 
to  bring  the  whole  mass  up  to  50  gallons.  Each  gallon  of  this  pre- 
paration contains,  after  thoroughly  stirring,  two  pounds  of  lime. 

When  it  is  desired  to  make  Bordeaux  mixture  of  the  50-gallon 
formula  it  is  only  necessary  to  measure  out  three  gallons  of  the 
stock  copper  solution,  and,  after  thoroughly  stirring,  2  gallons  of 
stock  lime;  dilute  each  to  25  gallons,  mix,  stir,  and  test  as  already 
described.  One  test  will  be  sufficient  in  this  case.  In  other  words, 
it  will  not  be  necessary  to  test  each  lot  of  Bordeaux  made  from  the 
stock  preparations,  provided  the  first  lot  is  perfect  and  no  change  is 
made  in  the  quantity  of  the  materials  used.  Special  care  should  be 
taken  to  see  that  the  lime  milk  is  stirred  thoroughly  each  time  be- 
fore applying.  As  a  final  precaution  it  will  be  well  to  keep  both  the 
stock  copper  sulphate  and  the  stock  lime  tightly  covered." 

For  trees  in  foliage  use  only  4  pounds  of  the  blue  stone  to  50 
gallons  of  water.  For  tender  foliage  like  plum,  cherry,  and  peach 
use  3  pounds  of  blue  stone  to  50  gallons  of  water  (Bui.  75,  Oregon 
Exp.  Station). 

Ammoniacal  Solution  of  Copper  Carbonate. 

We  also  take  this  description  from  Farmers'  Bulletin  No.  38- 
**This  preparation  as  now  generally  used,  contams: 

Water    45   gallons. 

Strong  Aqua  ammonia   3  pints. 

Copper  carbonate 5  ounces. 

The  copper  carbonate  is  first  made  into  a  thin  paste  by  adding 
a  pint  and  a  half  of  water.  The  ammonia  water  is  then  slowly  add- 
ed, and  if  of  the  proper  strength,  i.  e.,  26  degrees,  a  clear,  deep-blue 
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solution  is  obtained,  which  does  not  become  cloudy  when  diluted  to 
45  gallons. 

The  ammoniacal  solution  of  copper  carbonate  being  a  clear  li- 
quid its  presence  on  the  leaves,  fruit,  and  other  parts  of  the  treated 
plant  is  not  so  noticeable  as  where  preparations  containing  lime  are 
used. 

In  case  it  is  desired  to  keep  the  strong  solution  as  a  stock  pre- 
paration, the  bottle  or  jug  in  which  it  is  placed  should  be  tightly 
corked." 

Copper  Sulphate. 

Copper  sulphate  (blue  vitrol  or  blue  stone)  solution  is  some- 
times used  in  place  of  Bordeaux  mixture.  It  is  also  used  as  a  means 
of  destroying  the  spores  of  grain  smut  on  seed  grain,  but  for  this 
purpose  formalin  is  considered  to  be  better. 

For  trees  in  a  dormant  state,  use  copper  sulphate,  i  pound  in  25 
gallons  of  water.  For  trees  in  foliage  use  copper  sulphate,  i  pound 
in  250  gallons  of  water. 

Potassium  Sulphide. 

This  substance,  also  known  as  liver  of  sulphur,  may  be  obtain- 
ed from  almost  any  druggist.  It  is  used  in  the  proportion  of  one- 
half  to  one  ounce  in  one  gallon  of  water.  A  stock  solution  may  be 
made  as  follows: 

Potash    32  pounds. 

Sulphur 37  pounds. 

Salt    2  pounds. 

Water 50  gallons. 

The  potash,  sulphur  and  salt  are  put  into  a  large,  metallic  tub 
with  a  part  of  the  water;  the  chemical  action  will  make  the  mixture 
boil.  Add  the  remainder  of  the  water  and  set  it  away  as  a  stock 
solution,  covering  it  to  prevent  evaporation.  Dilute  with  99  parts  of 
water  before  spraying. 

R.  A.  COOLEY. 
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EXPLANATION  OF  PLATES 

(Photographed  from  Nature  by  R.  A.  Cooky  except  top  figure 
of  plate  II,  which  was  loaned  by  Prof.  Slingerland  from  his  bulletin 
on  the  bud  moth,  147,  Com.  Univ.  Experiment  Station.) 

PLATE  I. 

Fig.  I,  Egg  of  the  bud  moth,  greatly  enlarged. 

2,  The  5-spotted  lady-bug,  enlarged. 

3,  Cluster  of  eggs  of  the  5-spotted  lady-bug. 

4,  Same. 

"  5,  Larva  of  the  5-spotted  lady-bug,  about  four  time  en- 
larged. 

Fig.  6,  Base  of  apple  leaf  from  below  showing  work  of  bud 
moth  larva.    The  web  and  tubular  retreat  are  indistinctly  shown. 

Fig.  7,  Full  grown  larva  of  the  bud  moth,  about  three  times 
enlarged. 

PLATE  II. 

Fig.  at  top,  Apple  twig  showing  work  aone  by  bud  moth  larvae 
early  in  the  season. 

Fig.  I,  Apple-leaf  aphis  on  the  under  side  of  a  leaf. 
**     2,  Terminal  apple  shoots  showing  leaves  deformed  by  ap- 
ple leaf-aphis. 

PLATE  III. 

Fig.  I,  Top  view  of  Sarcopbaga  cimbicis  Townsend,  about 
twice  natural  size. 

Fig.  2,  Same  fiom  side. 
"      3,  Larva  or  maggot  of  same. 
"     4,  Pupa  of  same. 
"      5,  Apple  leaf-aphis,  enlarged. 

"     6,  Eggs  of  apple  leaf-aphis,  about  twice  natural  size. 
"      7,  Root  and  base  of  trunk  of  young  apple  tree  showing  in- 
jury done  by  Flat-headed  apple-tree  borer. 
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PLATE  IV. 

Lines  indicate  the  length  of  the  body  from  front  of  head  to  tip 
of  wings  or  abdomen,  whichever  extends  farther. 

Fig.  I,  Lesser   Migratory   Locust,  Melanoplus  atlanis    Riley, 
female. 

Fig.  2,  Same,  male, 
"      3,  Big-headed    Grasshopper,   Aulocara  elliotti     Thomas, 
female. 

Fig.  4,  Same,  male. 

PLATE  V. 

Lines  indicate  the  length  of  the  body  from  front  of  head  to  tip 
of  wings  or  abdomen  whichever  extends  farther. 

Fig.  I,  Yellow-winged  Locust,  CamriH/a  pe//ucida  Scud,  female 
"     2,  Same,  male. 

"      3,  Two-striped  locust,  Melanoplus  bivittatus  Say,  female. 
4,  Same,  male. 


n 


PLATE  VI. . 

Lines  indicate  the  length  of  the  body  from  front  of  head  to  tip 
of  wing  or  abdomen  whichever  extends  farther. 
Fig.  I,  Melanoplus  dawsoni  Scudder,  female. 
"     2,  Hippiscus  neglectus  Thomas,  temale. 
"      3,  Chortopbaga  viridifasciata  DeG.,  female. 
•*     4,  Bncoptolophus  sordidus  Burm,  female. 

PLATE  VII. 

Lines  indicate  the  length  of  the  body  from  front  of  head  to  tip 
of  wings  or  abdomen  whichever  extends  farther. 
Fig.  I,  Spbarag^mon  aequale  Say,  female. 

"     2,  Melanoplus  spretus  Uhler,  female. 

"      3,  Arpbia  tenebrosa  Scudder,  female. 

"     4,  Acrolopbitus  birtipes  Say,  female. 

PLATE  VIII. 

Lines  indicate  the  length  of  the  body  from  front  of  head  to  tip 
of  abdomen  or  wings  whichever  extends  farther. 
Fig.     I  Dissosteira  Carolina  Linn.,  female. 
"     2,  Cordillacris  occipitalis  Thomas,  female. 
"     3>  Egg  mass  of  M.  bivittatuSy  about  three  and  one-half 
times  natural  size  . 

Fig.  4,  Same  with  the  surface  removed. 
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THe  Crop  of  1903 


F.  -W.  TRAPHAGCN 

In  presenting  the  results  of  the  investigation  of  the  past  year,  but 
few  comments  are  necessary. 

It  has  repeatedly  been  shown  that  all  the  conditions  for  the  estab- 
lishment of  a  successful  beet  sugar  factory  could  be  found  in  several 
localities  in  the  state;  yet  for  some  reason  Montana,  abundantly  able 
to  produce  all  the  sugar  consumed  by  her  citizens,  and  much  more, 
still  obtains  her  supply  from  other  sources. 

Other  states  similarly  located  are  increasing  the  number  of  their 
factories  annually,  and  all  who  have  embarked  in  the  enterprise,  both 
farmers  and  manufacturers,  are  greatly  pleased  with  the  results. 

In  the  face  of  the  passage  of  the  Cuban  Reciprocity  Act,  which 
has  been  the  bugbear  oi  the  beet  sugar  men,  the  price  agreed  upon  in 
Colorado  for  the  crop  of  1904  is  five  dollars  a  ton,  a  marked  advance 
over  the  price  of  former  years. 

Montana  producers  could  count  with  absolute  certainty  upon 
yields  at  least  as  great  as  those  of  other  states,  and  the  richness  and 
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purity  of  the  product  C50uld  be  maintained  above  the  usual  standard 
with  no  difficulty;  while,  with  intelligent  care  in  culture,  these  dgures 
could  be  much  improved.  This  is  no  mere  idle  speculation,  but  is  the 
conclusion  forced  upon  all  who  study  the  reports  of  the  experiments 
carried  on  under  the  supervision  of  the  Chemical  department  of  the 
Montana  Experiment  Station  during  the  last  half  dozen  years. 

Of  our  neighboring  states,  Utah  has  four  factories,  with  a  capacity 
for  handling  2,300  tons  of  beets  per  day;  Colorado,  nine  factories,  with 
a  capacity  of  6,250  tons  daily;  Washington,  one  factory,  with  a  capacity 
of  350  tons;  and  Idaho,  one  factory,  capacity,  600  tons. 

The  world's  production  of  sugar  in  1902  amounted  in  round  num- 
bers to  8,500,000  long  tons,  of  which  about  5,800,000  tons,  approxi- 
mately 60  per  cent.,  was  beet  sugar. 

The  consumption  of  sugar  in  the  United  States  amounts  to 
approximately  2,250,000  long  tons,  about  26  per  cent,  of  the  world's 
entire  production. 

These  2,250,000  long  tons  of  2,240  pounds  are  equal  to  2,520,000 
tons  of  2,000  pounds  each,  as  figured  in  all  American  calculations. 

Assuming  that  the  average  product  of  each  beet  sugar  factory 
erected  in  the  United  States  is  5,000  tons,  it  would  require  500  such 
factories  to  meet  this  home  demand.  Assuming  that  the  present 
established  beet  sugar  factories  and  the  cane  mills  of  the  South  now 
produce  500,000  tons — too  high  an  estimate — it  would  still  require  400 
more  factories  to  provide  for  our  home  consumption. 

The  average  annual  increase  of  consumption  is  6  per  cent.,  or 
151,000  tons.  To  meet  this  increase  alone  there  would  be  required  to 
be  erected  each  yeab  30  factories  of  this  capacity,  say  500-600  tons  of 
beets  per  day. 

To  PAY  FOR  THIS  SUGAR  NOW  IMPORTED  WE  ARE  SENDING  ABROAD 
ANNUALLY  NEARLY  $125,000,000. 

The  American  farmer  is  to-day  raising  wheat  yielding  an  average 
gross  return  of  $10  per  acre,  which  is  being  sent  abroad  to  pay  for 
sugar  which  he  consumes,  while  the  same  lands  on  which  the  wheat  is 
grown  would  produce  the  sugar  and  yield  from  $65  to  $100  per  acre. 

This  is  neither  economy  nor  common  sense. 
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It  will  be  seen,  therefore,  that,  in  addition  to  the  54  beet  sugar 
factories  which  will  be  producing  sugar  during  the  coming  season  of 
1903-4,  nearly  400  new  factories  of  600  tons  capacity  are  still  to  be 
constructed  before  the  actual  home  consumption  of  sugar  and  next 
year's  increase  is  supplied  from  beets  grown  on  American  farms,  man- 
ufactured by  American  labor,  by  the  investment  of  American  capital. 

« 

No  industry,  agricultural  or  mechanical,  yet  established  or  contem- 
plated, confers  a  tith.e  of  the  benefits  and  prosperity  upon  the  local 
community  which  has  been  the  invariable  accompaniment  of  the  estab- 
lishment of  the  beet  sugar  factory. 

None  even  approach  it  in  character,  unless  it  be  the  canning  or 
creamery  plants,  consuming  the  products  of  local  farmers;  and  these 
are  insignificant  in  comparison. 

Trade  associations  of  booming  towns,  labor  assiduously  to  secure, 
the  location  of  a  new  manufacturing  industry  whose  sole  value  to  the 
community  is  the  pay  roll  disbursement  of  a  few  thousands  per  year. 

To  accomplish  this  they  pay  liberal  bonuses  and  grant  exemption 
from  taxation. 

In  contrast  with  all  such  enterprises,  the  beet  sugar  factory  is 
unique  and  unequaled  as  a  producer  of  unexampled  prosperity. 

The  location,  in  any  community,  of  a  beet  sugar  factory  of  a 
capacity  of  600  tons — the  most  approved  and  economical  unit — means 
the  purchase  of  60,000  tons  of  beets  from  the  farmers  of  the  immediate 
neighborhood,  at  an  average  of  $5  per  ton,  and  a  pay  roll  disbursement 
of  $60,000  per  annum — a  total  of  $360,000  paid  in  cash  to  such  com- 
munity during  the  fall  and  winter  months. 

The  effect  of  the  distribution  of  this  enormous  sum,  in  addition  to 
the  ordinary  disbursements,  mny  easily  be  conceived. 

This  amount  distributed  among  the  farmers,  flows  into  every  ave- 
nue of  trade,  leaving  its  profits  behind,  finding  its  way  to  the  banks  to 
be  again  forwarded  on  its  beneficent  mission,  enlivening  and  enriching 
all  branches  of  trade  and  assisting  the  establishment  of  new  indus- 
tries. 

Population  materially  increases;  town  lots  command  a  double  price; 
farmii:g  lands  are  in  increased  demand  at  greatly  increased  prices; 
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bank  deposits  are  sometimes  tripled  and  quadrupled;  debts  emd  mort- 
gages are  paid  off,  and  new  carriages,  farming  implements  and  pianos 
take  their  places,  and  abundant  prosperity  abounds  everywhere,  and 
civilization  is  advanced. 

This  is  the  simple  history  of  the  industry  wherever  it  has  been 
established  in  a  proper  location  for  the  growth  of  beets. 

There  are  but  few  exceptions,  and  should  have  been  none  had  not 
the  zeal  and  ambition  of  the  projectors  overrun  their  judgment  in  the 
establishment  of  a  few  plants  in  locations  partially  unfit. 

R.ectu.isites  for  Location 

The  following  are  the  essential  requirements  of  location  for  a  suc- 
cessful factory: 

First:  BEETS,  in  suflScient  quantity  and  of  the  required  sugar 
content  and  purity.  It  is  unprofitable  to  work  beets  containing  less 
than  12  per  cent,  of  sugar,  and  they  should  rather  average  14  per  cent. 
Anything  above  this  average  is  so  much  the  better. 

The  purity  of  the  beet  is  of  equal,  if  not  greater,  importance,  and 
should  be  at  least  80  per  cent,  or  better.  Beets  of  a  high  purity  and 
comparatively  low  sugar  content  yield  more  sugar  than  those  of  higher 
sugar  content  and  low  purity. 

By  purity,  or  the  co-eflBcient  of  purity,  as  it  is  technically  called, 
is  meant  the  ratio  of  the  sugar  to  the  solid  contents  of  the  juice. 

If  in  100  pounds  of  juice  there  are  15  pounds  of  solid  matter,  of 
which  12  pounds  are  sugar,  the  co-eflBcient  of  purity  js  80  per  cent.,  or 
the  sugar,  12  pounds,  divided  by  the  solid  matters,  15  pounds. 

These  beets  are  then  said  to  contaui  12  per  cent,  of  sugar,  with  a 
co-efl5cient  of  purity  of  80  per  cent. 

The  remaining  three  pounds  contain  all  the  other  mineral  salts 
taken  up  from  the  soil,  and  are  injurious  to  the  extraction  of  the  sugar, 
as  they  are  chiefly  molasses-forming,  or  melassiginic,  as  it  is  termed. 
One  pound  of  these  salts  will  prevent  the  crystallization,  or  invert,  one 
pound  of  sugar. 

To  determine  the  availability  of  the  location,  soil  and  general 
conditions,  extended  experimental  cultivation  should  be  made,  using 
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the  best  seed  and  following  the  most  approved  methods,  having  the 
results  carefully  analyzed  by  the  State  Experiment  Station. 

.    Careful  analysis  of  the  varying  soils  is  also  an  advantage. 

On  general  principles,  the  acreage  required  for  a  plant  of  any 
capacity  should  be  ten  times  the  daily  tonnage  capacity;  for  a  600- ton 
plant,  6,000  acres. 

A  trifle  smaller  acreage  in  irrigated  sections  might  suflSce,  as  the 
tonnage  product  is  apt  to  be,  with  the  proper  care,  neariy  50  per  cent, 
greater. 

Second:  WATEK.  The  water  supply  should  be  at  all  times  ade- 
quate and  not  subject  to  fluctuations  or  failure,  and  as  free  as  possible 
from  minieral  matter,  for  the  same  reason  as  above  explained  in  refer- 
ence to  the  purity  of  the  beets. 

If  there  be  any  doubt  upon  this  point,  a  careful  analysis  should 
be  made. 

At  least  3,000,000  gallons  daily  are  required  for  the  operation  of  a 
600-ton  factory;  and  the  source  of  supply  should  always  be  reasonably 
near  the  factory  site,  to  avoid  ex<^essive  pumping  apparatus  and  oper- 
ating expenses. 

Third:  DRAINAGE.  As  the  above  quantity  of  water  must  be 
discharged  from  the  factory  heavily  contaminated  with  soil  washed 
from  beets,  with  the  waste  lime  and  impurities  removed  from  the  beets 
and  juice  in  the  process  of  refining,  it  should  not  be  allowed  to  flow 
into  any  natural  water  course  used  below  for  domestic  purposes. 

It  should  be  impounded,  if  possible,  in  some  old  depression* 
slough,  or  settling  basin,  where  the  water  can  be  allowed  to  drain  off, 
when  the  solid  matter  can  be  used  as  a  fertilizer  for  which  it  is  espec- 
ially valuable,  as  it  contains,  in  a  concentrated  form,  precisely  the 
salts  taken  from  the  soil. 

These  three  requirements  assured,  there  is  the  most  important  one 
to  mention. 

This  is— 

Fourth:  MONEY.  Without  this  all  the  others  are  valueless  so 
far  as  the  establishment  of  this  industry  is  concerned.  To  construct 
and  properly  equip  a  modern  beet  sugar  factory,  the  cost  will  be 
approximately  $1,000  per  ton  of  daily  capacity;  that  is,  a  600-ton 
plant  will  cost  about  $600,000. 
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This  first  cost,  however,  is  variable,  being  subject  to  the  prevailing 
market  rates  for  material  and  labor;  the  freight  rates  to  the  sele::ted 
site;  the  character  of  the  land  in  respect  to  drainage,  water  supply  and 
railroad  connections,  as  well  as  to  the  quality  and  proportions  of  the 
machinery  equipment  and  the  size  and  general  character  of  the  baild- 
ings  provided. 

The  above  figures  will  apply  to  a  perfect  plant  of  liberal  design 
and  ample  proportions  of  both  buildings  and  machinery,  in  which  all 
buildiogs  shall  be  of  the  most  approved  fire-proof  construction. 

Upon  certain  specifications  this  figure  might  be  low,  while  upon 
others  the  price  might  be  too  high. 

It  is  purely  a  question  of  what  is  famished  for  the  price  charged. 

This  does  not  include  the  cost  of  railway  switches,  purchase  of 
seed,  or  agricultural  expenses,  for  which  and  for  a  small  working  cap- 
ital, a  further  sum  should  be  raised,  varying  with  the  conditions. 

This  amount  of  money  must  be  fully  assured  from  some  reliable 
source  before  it  is  at  all  safe  to  enter  into  any  contract  for  construc- 
tion. 

Factory  Site 

To  the  above  requirements  might  be  added  the  desirable  qualifi- 
cations for  a  site  for  the  erection  of  a  factory,  viz: 

A  practically  level  t»'act,  not  less  than  fifteen  acres  in  extent.  A 
larger  tract  would  be  preferable,  to  proxide  ample  space  for  drainage 
basins,  pulp  pits,  etc. 

The  situation  should  be  as  near  as  possible  to  the  center  of  the 
b.eet-growing  territory,  and  preferably  near  some  town,  to  provide  res- 
idences for  operatives. 

To  be  on  or  near  a  railroad,  preferably  two,  to  assure  the  delivery 
of  coal  and  limestone  at  reasonable  rates;  in  such  a  location  that  a 
right-of-way  for  a  siding  may  be  obtained. 

There  will  be  required  about  one  mile  of  track  for  switches,  sid- 
ings, and  yard  service. 

Procedure  to  Secure  a  Factory 

On  account  of  the  necessity  for  locating  factories  in  the  midst  of 
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the  sugar  beet  fields,  usually  in  fanning  communities,  local  capital  is 
either  lacking  or  not  to  be  had  in  sufficient  amount  to  carry  through 
the  enterprise.  Outside  capital  must  generally  be  secured  for  the 
purpose. 

To  interest  and  obtain  such  assistance,  any  community  must  first 
demonstrate,  by  indisputable  proofs,  that  the  location  proposed  fully 
answers  all  the  requirements  above  enumerated;  but  first  and  fore- 
most, that  it  has  the  necessary  acreage  contracted  for,  or  that  it  can 
certainly  obtain  such  contracts  when  the  other  preliminaries  are. 
arranged. 

Having  conclusively  demonstrated  the  adaptability  of  the  section\ 
for  the  production  of  beets  rich  in  sugar  and  of  high  purity;    having 
interested  the  farmers  to  a  willingness  to  contract  for  the  necessary 
supply  of  beets;   determined  upon  an  advantageous  and  suitable  si^e, 
the  next  business  is  the  procurement  of  the  capital. 

Some  considerable  local  capital  must  be  invested  to  inspire  in 
others  confidence  in  the  local  interest,  management  and  support. 

Let  the  most  influential  men  in  the  community  start  a  preliminary 
subscription  to  the  capital  stock  of  the  proposed  sugar  company. 

In  the  preparation  of  this  work,  take  the  advice  of  the  best  attor- 
ney in  the  community. 

The  capitalization  of  the  company  should  be  sufficiently  large  to> 
cover  the  cost  of  the  plant  and  at  least  $50,000  additional  for  working 
capital. 

This  may  be  entirely  in  capital  stock,  or  part  stock  and  part 
bonds. 

In  such  communities  there  is  frequently  a  prejudice  against  the 
mortgaging  of  the  property  as  security  for  a  bond  issue,  which  is  but 
a  representation  of  such  mortgage  divided  into  smaller  parts. 

This  is  a  mistaken  notion  and  contrary  to  the  practice  of  the  best 
financiers  whenever  any  enterprise  will  earn  a  larger  amount  in  divi- 
dend than  is  necessary  to  be  paid  in  interest  on  money  hired. 

The  farmer  himself  recognizes  this  principle  when  he  hires  money 
at  5  or  6  per  cent,  on  a  mortgage  of  his  original  farm  in  order  to 
increase  his  earning  power  far  above  the  interest  charge. 
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To  illustrate  the  diflference,  let  us  suppose  a  sugar  company  cap- 
italized at  $600,000  in.  stock  alone,  and  the  net  earnings  to  be  20  per 
cent.,  making  $120,000. 

If,  on  the  contrary,  the  capital  stoi'k  were  $300,000,  and  the  other 
$300,000  of  capital  was  realized  on  a  bond  issue  of  5  per  cent.,  the 
interest  charge  on  the  bonds  would  be  $15,000,  leaving  $105,000  of  the 
earnings  as  a  dividend  on  $300,000  of  stock,  amounting  to  35  per  cent, 
instead  of  20  per  cent.,  as  in  the  other  case. 

As  every  merchant,  trader,  banker,  land  owner  or  farmer  in  the 
community  cannot  fail  to  derive  direct  benefit  from  the  sugar  factory 
enterprise,  all  should  assist  it  by  liberal  subscription  to  the  stock, 
aside  from  the  handsome  dividends  to  be  anticipated  from  such  an 
investment. 

^  When  $100,000  to  $150,000  has  baen  assured  by  local  subscription 
or  through  local  influence,  the  company  should  be  legally  incorporated 
and  correspondence  opened  with  some  reliable  construction  company 
or  builder  for  further  advice  or  assistance,  which  most  of  them  are 
able  to  give. 

Cost  of  Operation 

The  cost  of  the  operation  of  a  beet  sugar  factory  is  dependent  in 
a  great  measure  upon  the  character,  capacity  and  arrangement  of  the 
machinery  and  apparatus.  Compactness  and  convenience  of  arrange- 
ment are  conducive  to  a  saving  of  labor.  The  same  feature,  with 
straight  piping  and  shortest  possible  lines  curtails  friction  and  saves 
fuel.  Ample  capacity,  in  proper  proportions,  with  scientific  by-pass 
arrangements,  avoids  delays  and  difficulties. 

Proper  arrangement  and  connections,  and  proper  utilization  of 
live  and  exhaust  steam,  hot  water  and  wash  waters,  save  labor,  fuel, 
sugar  and  money. 

A  well  designed  and  arranged  factory  can  be  easily  operated  by 
175  to  180  men,  in  day  and  night  shifts  of  not  over  90  men  each, 
exclusive  of  the  superintendent. 

For  the  purpose  of  a  conservative  estimate,  however,  it  is  set  at 
200  men. 

The  following  may  be  considered  a  safely  reliable  estimate  of 
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the  cost  of  operating  a  factory,  and   the  probable  returns,  in  Michigan 
or  in  the  Eastern  rainfall  district: 

COST    OF    OPERATION    OP    A    600-TON    FACTORY,   FOR    A    100   DAYS'  CAMPAIGN,  CUTTING 

60,000  TONS  OF  BEETS. 

Per  ton 
Total  cost  of  Beets 

Beets.  60,000  tons  (14  per  cent),  at  85.16 8309.600  85.16 

Coal,  20  per  cent  of  beets,  12,000  tons,  at  $2.50  . .     30,000  .50 

Limestone,  8  per  cent  of  beets,  4,600  tons,  at 

81.50 7,200  .12 

Coke,  12  per  cent  of  limestone,  536  ton.s,  at  85. . .       2,680  .044 

8349,480 

SUPPLIES 

Sulphur,  20,000  lbs.,  at  .02i^c 8J50 

Filter  cloths,  8,000  yards  at  17c I,3G0 

Oils,  2,000  gallons,  at  25c 500 

Chemicals  (average  of  all  factories) 2.000 

Miscellaneous 1,000 

5,360      .089 

LABOR 

200  men,  average  82.25,  100  days 845.000 

Superintendent 3.600 

Engineer  and  assistants 2,000 

Agriculturalist 2,400 

Assistants 2,000 

Office  help 3,000 

General  manager 2,500 

60,500    1.008 

PACKING 

44,000  barrels,  at  36c 815,840        15,840      .264 

(Note — In  the  West  this  item  would   be  132,- 
000  bags  at  8c,  810,560.) 

INCIDENTALS 

Interest,  8300,000  bonds,  at  5  per  cent 815,000 

Insurance 2,000 

Taxes  (?) 2,000 

Repairs 10,000 

Dead  season  help 5,0(X) 

Miscellaneous 10,000 

44,500      .74 

The  generally  accepted  average  extraction  of  "sugar  in  factories 
without  a  molasses  process  is  71  per  cent,  of  the  sugar  content  of  the 
beets. 
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Assuming  the  Michigan  beets  to  contain  an  average  of  14  per 
cent,  of  sugar,  the  returns  in  such  case  would  be  71  per  cent,  of  14  per 
cent.,  or  9.94  per  cent,,  equivalent  to  198.8  pounds  of  sugar,  say  200 
pounds. 

RECAPITULATION 

Per  ton 
Totftl  Beets 

Returns,  13,200,000  pounds,  sold  at  4J^  cents $595,000  $9.90 

Expenses,  as  per  list  above 475,680  7 .925 

Anticipated  protit $118,320  $1,975 

It  must  be  understood  that  these  figures  are  based  on  the  cutting 
of  60,000  tons  of  beets  during  the  campaign  of  100  days. 

A  reduction  of  the  supply  of  beets  would  cause  an  increase  in  the 
proportionate  expense  of  operation. 

These  figures  might  be  somewhat  varied  in  either  direction, 
according  to  the  varying  conditions  of  quality  and  quantity  of  beets 
and  by  the  varying  circumstaces  of  competition  in  securing  acreage  by 
factories  covering  closely  adjacent  territory. 

In  the  irrigated  sections  of  the  West,  the  result  is  much  more 
satisfactory.  The  tonnage  per  acre  being  nearly  or  quite  50  per  cent, 
greater,  the  farmers  actually  receive  more  money  per  acre  on  a  flat 
price  per  ton,  and  by  reason  of  the  higher  sugar  content  of  the  beets, 
the  extraction  of  sugar  is  practically  2  per  cent,  greater  and  the  profit 
per  ton  of  beets  handled  is  quite  ?2.50  greater  than  in  the  East,  which 
fact  will  certainly  lead  to  a  very  large  development  of  the  industry  in 
those  sections. 
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Beet  Culture 


General  Directions  for  Seeding  and  Cultivating 

There  is  no  agricultural  product  from  which  the  industrious 
farmer  may  derive  so  many  advantages  as  from  the  sugar  beet.  Sugar 
beet  raising  gives  the  farmer  many  times  the  profit  that  could  be 
derived  from  any  other  crop,  while  it  does  not  interfere  with  other 
crops;  but,  on  the  contrary,  by  improving  the  condition  and  capacity 
of  the  soil,  owing  to  continued  and  superior  cultivation,  produces 
better  grain  crops,  besides  permitting  the  growing  of  other  high-cul- 
ture plants  and  vegetables  which  could  not  be  grown  profitably  here- 
tofore. 

MetKod  of  Groivintf  Beets 

It  is  difficult  to  lay  down  general  directions  and  rules  for  growing 
sugar  beets  applicable  to  all  localities  and  conditions.  Often  expert 
sugar  beet  growers,  at  public  meetings  and  through  the  agricultural 
press,  give  minute  directions  covering  all  the  details  of  this  intricate 
process. 

Others,  each  well  versed  in  the  process  of  growing  sugar  beets, 
get  into  arguments  and  disputes  as  to  the  right  method.  In  such 
cases  each  may  be  correct  in  a  measure.  The  occasion  for  such  dis- 
agreements lies  in  the  fact  that  each  person  has  in  mind  the  right 
method  for  a  particular  locality  or  set  of  conditions.  A  careful  study 
of  the  different  sections  of  the  United  States  where  sugar  beets  are 
grown  will  lead  to  the  conclusion  that  there  is  no  single  road  to  suc- 
cess in  growing  sugar  beets.  Every  locality  has  settled  conditions 
which  will  materially  modify  any  set  of  methods  that  might  apply  to 
some  other  one.  There  are  some  settled  rules,  of  course,  but  to  a  great 
extent  the  various  agricultural  districts  of  this  country  will  have  to 
work  out  each  for  itself  the  right  method.  The  person  who  argues 
that  the  ground  must  be  plowed  in  the  fall,  in  order  to  receive  the 
benefit  of  the  winter  frost,  is  not  offering  any  argument  to  the  Pactic 
coast,  for  instance,  where  many  beets  are  grown.  And  he  who  insists 
that  the  ground  should  be  rolled  in  all  instances  after  planting,  will 
hazard  the  crop  if  his  directions  are  followed  in  many  parts  of 
Nebraska  and  other  sections  whf-re  the  soil  is  sandy  and  there  are 
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strong  winds.  In  such  cases  a  smooth  surface  offers  an  excellent 
opportunity  for  the  wind  to  carry  along  the  sharp  grains  of  sand,  cut- 
ting off  the  plants  and  destroying  the  crop. 

There  can  be  no  general  fixed  rules  regarding  the  kinds  and  appli- 
cation of  fertilizers.  General  principles  are  all  right  when  accom- 
panied by  the  reasons  underlying,  but  must  always  be  modified  to 
meet  local  conditions. 

With  the  development  of  the  industry  in  all  sections  which  have 
the  necessary  conditions,  and  the  acquirement  of  ample  experience 
both  by  the  farmers  in  the  production  of  beets,  and  by  the  manufac- 
turers in  the  making  of  sugar,  there  will  come  many  improvements 
and  eventually  a  cheapening  of  production,  a  result  of  great  import- 
ance to  all  concerned  in  the  success  of  the  industry,  because  eventually 
the  beet-sugar  industry  of  the  United  States  will  have  to  meet  a 
sharper  competition  with  foreign  producers. 

There  are  some  things  settled,  however,  about  growing  sugar 
beets.  It  will  be  generally  conceded  that  the  ground  should  be  plowed 
deep,  and  in  most  instances  sub-soiled.  Before  the  seed  is  planted 
the  ground  must  be  thoroughly  pulverized  by  harrowing  and  by  roll- 
ing, even  if  the  surface  has  to  be  afterwards  roughened.  Advantage 
must  be  taken  of  the  general  and  prevalent  rain  conditions.  The 
ground  must  be  moist  enough  to  germinate  the  seed,  either  by  rain- 
fall or  irrigation.  In  some  localities  either  is  used,  according  to  cir- 
cumstances. Seeds  are  planted  at  depths  of  from  one-half  to  two 
inches,  according  to  the  prevailing  conditions  in  the  particular  local- 
ity. The  beets  must  be  planted  near  enough  together  to  produce  a 
beet  of  certain  size.  This  sj^acing  depends  again  upon  the  locality 
and  the  nature  and  fertility  of  the  soil.  The  size  and  quality  of  the 
beets  depend  materially  on  the  right  kind  of  spacing.  The  beets  must 
be  thoroughly  cultivated,  hoed,  and  hand  weeded,  because  cultivation 
tends  to  conserve  the  moisture  of  the  soil,  and  clean  fields  permit  fav- 
orable action  of  sun  and  air.  The  sooner  the  beet  is  harvested  after  it 
is  ripe  the  better,  because  further  rainfall  may  start  a  new  growth, 
producing  new  lateral  roots,  and  new  leaves,  thus  greatly  reducing  the 
sugar  content  and  purity  of  the  beets. 
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Preparing  tKe  Seed  Bed 

Having  selected  the  land,  give  it  a  deep  plowing  in  the  fall,  if 
possible,  and  follow  by  a  sub-soiliilg,  and  allow  it  to  lay  exposed  to  the 
action  of  the  elements  during  the  winter. 

In  the  spring,  the  land  should  be  again  plowed  about  eight  inches 
deep,  after  which  it  should  be  thoroughly  pulverized  by  disking,  har- 
rowing and  rolling  or  planking.  It  is  not  necessary  that  all  these 
methods  be  used  at  once,  but  enough  of  them  must  be  used  to  accom- 
plish the  end  in  view,  which  is  to  thoroughly  pulverize  the  soil. 

Special  implements  are  being  constantly  devised  to  accomplish 
this,  and  all  the  operations  in  beet  cultivation,  harvesting,  and  top- 
ping. 


So  far,  almost  the  entire  quantity  of  seed  used  in  this  c-ountry 
comes  from  Europe,  that  from  Germany  appearing  to  be  best  adapted 
to  our  conditions  and  to  produce  the  best  results. 

There  is  some  choice  to  be  exercised  in  this  regard.  The  sugar 
coihpatiies  usually  furnish  their  farmers  with  seed,  taking  pay  in 
beets. 

Not  less  than  15  pounds  of  seed  to  the  acre  should  be  used  to 
insure  a  full,  even,  and  regular  stand.  Unless  the  stand  be  good, 
there  will  be  many  bare  spaces,  greatly  reducing  the  yield. 

A  disposition  to  economize  seed  or  to  make  the  amount  furnished 
cover  a  larger  acreage  will  be  found  to  be  false  economy  and  should 
not  be  attempted. 

Planting 

The  seed  should  be  sown  with  a  drill  made  for  the  purpose,  in 
rows  eighteen  inches  apart,  or  of  suflBicient  width  to  allow  of  the  jias- 
sage  of  a  horse  when  cultivating. 

When  irrigation  is  j^racticed,  seed  is  preferably  sown  in  ridges 
about  twenty  inches  apart  to  allow  for  irrigation  between  the  rows  so 
as  not  to  bum  the  leaves. 

The  seed  should  be  planted  from  one-half  to  one  and  one-half 
inches  deep,  depending  upon  the  moisture  in  the  soil;  the  shallower 
the  planting,  the  more  vigorous  will  be  the  plant.     The  fear  that  the 
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plant  may  die  for  lack  of  moisture  is  unf onndcd,  as  the  sprouted  seed 
sends  down  a  long  root  to  the  depth  of  several  inches,  and  later  even 
to  two  or  more  feet,  from  which  the  beet  derives  moisture  and  suste- 
nance. 

It  should  always  be  borne  in  mind  that  the  sugar  in  the  beet  is 
derived  entirely  from  the  air  and  sunshine,  consequently  the  toi)8 
should  have  ample  space  in  which  to  secure  all  the  benefit  from  these 
sources.  The  increase  in  sugar  content  will  more  than  make  good  the 
decreased  tonnage,  although  growing  and  breathing  space  will  not 
necessarily  tend  to  decrease  tonnage. 

Planting  should  not  be  done  until  the  ground  becomes  warm  with 
a  probability  of  settled  weather  conditions,  say  in  May  in  the  rainfall 
districts.T  In  the  irrigated  districts  this  must  depend  upon  the  gen- 
eral conditions;  in  some  places  planting  may  be  done  from  December 
to  June.    In  Montana,  in  May  or  early  June. 

Germination 

The  seed  will  germinate  in  about  a  week  after  planting  if  the 
weather  and  soil  conditions  are  favorable. 

Care  should  be  taken  during  this  period  that  the  ground  does  not 
become  baked;  if  this  occurs,  the  farmer  should  know  how  to  over- 
come the  difficulty  with  a  harrow. 

BuncKing  and  TKinning 

When  the  plant  has  three  or  four  leaves  the  bunching  must  be 
done. 

This  is  done  by  passing  down  the  row  and,  with  a  stroke  of  the 
hoe,  cutting  out  a  part  of  the  plants  the  width  of  the  hoe,  leaving 
bunches  from  6  to  10  inches  apart. 

After  bunching,  or  when  it  is  fairly  under  way,  the  thinning 
should  be  begun. 

This,  up  to  this  time,  has  been,  and  probably  always  will  be,  done 
by  hand,  laborers  crawling  along  the  rows  and  removing  from  each 
bunch  all  except  the  most  thrifty  plants.  These  plants  should  be  left 
about  six  inches  apart  in  good,  rich  soil,  or  up  to  ten  or  twelve  inches 
in  poor  or  thinner  soil. 

This  is  quite  the  most  important  operation  connected  with  beet 
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growing,  as  its  proper  performance  has  a  great  influence  upon  yield, 
both  in  tonnage  and  sugar.  The  vigor  of  the  plant  depends  upon  its 
being  done  at  the  right  time,  governing  the  size  of  the  beets,  while 
spacing  to  the  proper  distances  apart  has  an  important  influence  upon 
the  sugar  percentage. 

The  aim  of  the  farmer  should  not  be  to  grow  large  beets,  which 
run  to  fibre  and  are  low  in  sugar,  while  small  beets  are  more  expensive 
to  handle.  Beets  weighing  from  one  to  two  pounds  are  by  far  the 
best  for  the  farmer  and  the  factory. 

Ct&ltivating 

The  first  cultivation  is  performed  in  the  bunching  and  thinning, 
when  the  laborer  presses  the  dirt  firmly  around  the  beet  i^lant  and 
removes  whatever  grass  or  weeds  may  be  present. 

After  this  the  weeds  should  be  kept  down  and  the  ground  kept 
loose  and  pulverized,  which  can  be  done  by  hoeing  or  horse  cultiva- 
tion, using  any  of  the  implements  made  for  such  jmrpose.  This 
should  be  done  as  often  as  needed,  three  times  generally  being  suffi- 
cient, or  until  the  plants  are  large  enough  to  shade  the  ground,  when 
work  among  them  with  plow  and  horse  would  break  oflF  the  leaves. 

Irri|{atioA 

Where  irrigation  is  practicad  the  farmer  has  an  opportunity  to 
control  the  growth  of  the  beet  and  the  development  of  its  sugar  to  a 
much  greater  degree  than  is  possible  in  the  humid  sections. 

In  general,  the  rules  of  irrigation  as  applied  to  other  crops,  may 
be  successfully  used  with  sugar  beets.  It  would  be  well,  however,  in 
order  to  secure  a  greater  downward  growth  of  the  beets,  to  withhold 
the  application  of  water  in  each  case  until  the  leaves  begin  to  turn 
yellow.  In  this  way  the  disproportion  of  toj^s  to  the  rest  of  the  root 
may  be  reduced  and  the  proportion  of  sugar  correspondingly  increased. 
It  is  also  advisable  to  avoid  very  late  irrigations. 

Harvesting 

When  one  is  accustomed  to  sugar  beet  fields,  it  is  easy  to  deter- 
mine when  they  are  ripe.  This  point  is  usually  determined,  however, 
by  analysis  to  ascertain  the  sugai:  content  and  purity  of  the  beets. 


18  MONTANA  EXPERIMENT  STATION 

After  the  growth  of  the  top  and  root  and  cultivation  ceases,  the 
beets  begin  to  store  up  sugar  through  the  leaves,  and  the  sugar  and 
the  purity  increases  as  they  approach  maturity. 

When  a  field  of  beets  is  ripe,  the  leaves  tend  to  droop  and  the 
whole  field  takes  on  a  yellow  appearance,  which  cannot  be  mistaken 
by  one  accustomed  to  deciding  the  period  of  ripeness. 

There  are  several  kinds  of  harvesting  plows,  beet  pullers  and 
toppers,  many  of  which  have  lately  been  j^atented,  from  which  a  satis- 
factory implement  may  be  chosen. 

Having  been  loosened  by  either  of  the  ordinary  machines,  labor- 
ers follow,  throwing  the  beets  in  piles. 

Topping 

This  is  done  by  laborers  with  a  sharp  knife,  made  especially  for 
the  purpose,  striking  a  quick,  sharp  blow,  cutting  off  the  top  square 
across  as  low  as  the  lowest  leaf  stem.  The  beets  are  thrown  into  large 
piles  and  the  tops  plowed  under  or  used  for  fodder. 

The  topping  is  a  very  particular  and  important  operation. 

The  sloping  crown  of  the  beet  bearing  the  leaf -stems  contains 
much  the  larger  prox^ortion  of  the  mineral  salts  in  the  vegetable, 
which  are  very  objectionable  in  the  manufacture  of  sugar,  every  pound 
of  such  salts  preventing  a  pound  of  sugar  from  crystallizing. 

Beets  not  topped  properly  are  re-topped  by  the  agricultural 
department  of  the  factory  and  the  difference  in  percentage  of  weight, 
calculated  on  the  samples,  is  deducted  as  tare. 

In  climates  where  there  is  no  danger  of  wet  or  freezing  weather, 
the  roots  may  be  left  on  the  ground  unharvested  for  a  long  time. 

Siloini^ 

While  beets  should  be  han-c^sted  as  soon  as  they  are  ripe,  to  avoid 
the  deteriorating  effects  of  frost  or  rain,  yet  not  all  ])eets  can  he  deliv- 
ered to  the  factory  at  the  same  time.  The  beet  sheds  have  not  suffi- 
cient caiDacity.  Many  comj^anies  require  that  a  certain  portion  of  the 
beets  shall  be  siloed  in  the  fields  where  they  are  grown.  This  is 
accomjjlished  by  j)lacing  them  in  single  x>iles  containing  a  good  load, 
or  in  long  ricks. 
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Plows  are  run  up  and  down  alongside  of  these  ricks  or  piles,  and 
the  soft  dirt  is  thrown  over  the  beets  to  the  depth  of  several  inches. 
Then  hay,  straw  and  beet  leaves  are  thrown  on  top  of  that.  Holes  are 
left  for  ventilation.     Beets  can  be  kept  for  some  time  in  this  manner. 

Freezing  of  the  beets  does  them  no  particular  injury,  and  does 
not  appreciably  diminish  the  sugar  content,  provided  they  can  arrive 
and  be  worked  at  the  factory  before  thawing  out. 

Thawing  after  freezing  reduces  the  amount  of  sugar  and  the  pur- 
ity, and  must  be  guarded  against. 

The  delivery  of  beets  as  well  as  the  specific  instructions  for  grow- 
ing are  regulated  by  the  agricultural  department  of  the  various  fac- 
tories, and  the  whole  progress  of  the  work  is  usually  supervised  by 
the  skilled  members  of  that  department  employed  by  the  factory. 

It  is  decidedly  to  the  farmers'  interest  as  well  as  to  that  of  the 
factory  that  such  instructions  should  be  graciously  received  and  care- 
fully followed. 

It  cannot  be  too  strongly  impressed  upon  the  minds  of  farmers 
that  the  interests  of  both  farmer  and  factory  are  identical  and  mutual; 
what  benefits  the  one  adding  to  the  success  of  the  other,  and  no  spirit 
of  antagonism  or  diflFerences  should  be  permitted  to  arise. 
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General  Data  Condensed 


The  amount  of  fuel  required  per  ton  of  beets  varies  from  15  per 
per  cent,  to  21  per  cent.  The  latter  was  the  average  of  Michigan  fac- 
tories for  the  campaign  of  1901-2.  Proper  connections,  careful  atten- 
tion to  details  and  skillful  utilization  of  heat  units  and  the  hot  water 
supply  should  keep  the  amount  approximately  at  the  lower  figure. 


The  quantity  of  lime  rock  used  is  about  8  per  cent,  of  the  weight 
of  the  beets  when  using  the  ordinary  milk  of  lime  for  carbonatation. 
Where  the  Saccharate  of  Lime  process  is  used  for  treating  the  molas- 
ses, the  proportion  will  be  from  16  to  20  per  cent. 


The  quantity  of  Coke  is  about  10  to  12  per  cent,  of  the  weight  of 
the  Lime  Rock.  

The  amount  of  Sulphur  used  is  about  200  pounds  per  day;  other 
supplies  about  $50  per  day. 

The  number  of  men  employed,  outside  the  office  force,  in  some  of 
the  factories  is  170  to  180.  In  some  others,  of  the  same  capacity,  250 
are  required.  .^.^«i__ 

The  annual  disbursement  for  labor,  including  office,  will  be  about 
$60,000.  _____^ 

In  raising  and  harvesting  the  crop  of  beets  for  the  Michigan  fac- 
tories for  the  campaign  of  1901-2,  there  were  engaged  26,966  men, 
1,844  single  horses,  and  4,834  double  teams  employed  during  the 
season.  ..^.^__«« 

The  actual  number  of  contractors  raising  beets  for  the  same  fac- 
tories for  that  season  was  16,848.  This  represents  the  same  number 
of  farmer's  families  and,  on  a  basis  of  five  members  to  the  family,  rep- 
resents 84,240  persons  actually  interested  in  the  agricultural  opera- 
tions of  the  Beet  Sugar  Industry  of  Michigan  in  that  year.  Last  year 
these  figures  were  presumably  25  per  cent,  greater. 


Beet  seed  is  purchased  by  the  factories  in  the   month  of  Decern- 
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ber,  distributed  to  the  farmers  in  the  month  of  April  and  paid  for  by 
the  farmers  from  the  sale  of  beets  in  the  fall. 

The  Beet  Sugar  Industry  is  the  agricultural  industry  in  which 
the  farmer  is  able  to  sell  his  crop,  on  a  reliable  contract,  at  a  fixed 
price,  before  the  seed  is  planted. 

He  is  thus  independent  of  the  action  of  the  law  of  supj'ly  and 
demand,  or  of  the  many  contingencies  of  the  market  on  other  crops  at 
time  of  harvesting.  He  is  not  subjected  to  delays  in  payment  nor 
compelled  to  hold  his  crop  for  a  better  market. 


Sugar  beets  will  withstand  a  longer  drought  and  also  a  more 
excessive  rainfall  than  any  other  known  staple  crop.  The  danger  of 
loss  from  bad  weather  cx)nditions  is  thus  minimized. 

Cmlct&lmtions 

In  making  the  various  calculations  in  the  Beet  Sugar  Industry, 
it  will  be  apparent  that  they  are  approximately  correct  when  expressed 
in  decimal  proportion;  that  is,  the  relation  of  each  to  the  other  is 
expressed  in  some  multiple  of  ten. 

In  the  Eastern  section  the  average  tonnage  per  acre  is  set  at  10 

tons. 

The  acreage  of  beets  to  be  contracted  for  should  be  10  times  the 
daily  capacity. 

The  tonnage  of  beets  worked  is  practically  10  times  the  amount 
of  sugar  which  should  be  extracted. 

The  campaign  is  100  days. 

The  approximate  cost  of  the  completed  plant  is  about  $1,000  for 
each  ton  of  daily  capacity. 

These  estimates  are  suflBiciently  near  for  all  practical  purposes. 

R.eflneries  vs.  Home-Groivn  Sutfar 

Eastern  refiners  buy  brown  (raw)  sugar,  produced  from  cane  in 
the  tropics  or  from  beets  in  Europe.  This  sugar  has  had  expended 
upon  its  production  fully  90  per  cent,  of  all  the  labor  and  other  cost. 

The  cost  of  refining  is  from  30  to  40  cents  per  100  pounds,  of 
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which  not  exceeding  15  cents  is  for  American  labor. 

This  sugar  is  melted,  reboiled  and  clarified  by  passing  through 
bone  black  (animal  charcoal)  and  the  refined  sugar  separated  from  the 
molasses  precisely  as  in  the  Beet  Sugar  process.  In  fact,  the  machin- 
ery is  identical  with  that  in  the  sugar  end  of  the  beet  sugar  factories, 
except  for  the  addition  of  the  char-filters  for  the  necessary  clarifica- 
tion. 

The  present  price,  April  1,  1903,  of  raw  sugar,  96  degrees  Cen- 
trifugal, landed  in  New  York,  cost  and  freight,  is  2  1-16  cents,  and 
this  all  goes  to  the  foreign  producer. 

The  American  beet  farmer  receives  for  one  ton  of  beets  contain- 
ing 14  per  cent,  of  sugar,  in  Michigan,  $5.16.  Upon  the  assumption 
that  the  factory  is  able  to  extract  from  this  200  pounds,  the  farmer 
receives  2.58  cents  per  pound  for  the  sugar  still  in  the  beets,  in  the 
shed,  upon  which  all  labor  and  factory  expense  must  be  expended. 

The  duty  on  raw  sugar  polarising  96  degrees  is  $1.68^  per  100 
pounds. 

The  cost,  duty  paid,  is  about  3|  cents  per  pound. 

TKe  Future 

It  is  estimated  that  in  1910,  the  amount  of  sugar  required  for 
consumption  in  the  United  States,  above  that  produced  from  home- 
grown cane,  will  be  3,000,000  tons. 

Europe,  with  much  less  available  beet  area,  produced  in  1900, 
5,950,000  tons  of  beet  sugar. 

To  produce  3,000,000  tons  of  beet  [sugar  annually  would  require 
500  plants,  each  having  a  daily  capacity  of  600  tons. 

These  plants  would  represent  the  following  investment  and 
annual  business: 

Invested  in  plants $300,000,000 

Working  capital 50,000,000 

Acres  of  beets 3,000,000 

Valuation  of  land  growing  this  crop 150,000,000 

Tons  of  beets 27,000,000 

Tons  of  sugar 3,000,000 

Value  of  beets 135,000,000 


MONTANA  EXPERIMENT  STATION  23 

Annual  pay  roll  for  labor  in  factories 42,000.000 

Tons  of  coal  used 5.500,000 

Tons  of  lime  rock 1,890,000 

Tons  coke 208,000 

Freight  paid  railroads 27,000.000 

Annual  payments,  bags  and  barrels 6,000,000 

Number  of  farmers  raising  beets 750,000 

Men  employed  in  factories 125,000 

Men  employed  raising  beets  during  season 1,200,000 
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Statistical 


Present  Sources  of  MTorld's  St&|{ar  Supplx 

BEET 

1901  1900  1999  1898 

Germany 2,270,000  1,979,098  1,798,631  1,721,718 

Austria 1,250,000  1,094,013  1,108,007  1,051,290 

France 1,200,000  1,170,332  977,850  830,132 

Russia 1,050,000  920,000  905,737  776,066 

Belgium 350,000  340,000  302,865  244,017 

Holland 190,000  178,081  171,029  140,763 

Other  European  Countries  .    400,000  387,440  253,929  209,115 

Total  foreign 6,710,000  6.068,994  5,518,048  4,982,101 

United  States 150,000  76,859  72,944  32,471 

Total  beet 6,860,000  6,145,853  5,590,990  5,590:572 

CANE 

Cuba 875.000  635,856  308,540  345,260 

Java 765.000  710,120  721.993  689,281 

Brazil 215,000  190,000  192,700  154.495 

Mauritius 145,000  175,267  157,025  186,487 

Australia 117,000  111.554  123,289  192,247 

Argentine  Republic 115,000  114,252  91,507  72,000 

Peru 105,000  105,000  100,381  61,910 

Other  Foreign  Countries...    753,000  731,880  681,219  748,926 

Total  Foreign  Cane 3,090.000  2,773,929  2,376,654  2,450,606 

United  States: 

Louisiana 290,000  275,000  132,000  245,511 

Porto  Kico 100,000  80,000  35,000  53,826 

Hawaiian  Islands 300,000  321,461  258,520  252,507 

Philippine  Islands 70,000  52,000  62,875  93,000 

Total,   U.  S.  and    posses- 
sions     760,000  728,461  488,305  644,844 

Total  cane 3,850,000  3,502,390  2,864,959  3.095,450 

Total  Cane  and  Beet ....  10,710,000  9,648,243  8,455,951  8,110.022 

To  illustrate  the  comparative  growth  of  the  beet  sugar  industry 

in  the  United  States  and  Europe,  the  following  table  will  be  interesting  i 
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Beet  S%3LgmT 

Prodt&ction 

United  States. 

Europe. 

United  States. 

Europe. 

(Tons.) 

(Tons.) 

(Tons.) 

(Tons.) 

1870 

400 

899,600 

1892             12,018 

3,442,198 

1872 

500 

1,018,500 

1893             19.550 

3,889,845 

1878 

200 

1,418,800 

1894             20,092 

4,790,532 

1880 

500 

1,747,500 

1895             29,220 

4,285.429 

1883 

535 

2,146,470 

1896             37,536 

4.916,498 

1884 

953 

2.574,047 

1897             40,399 

4,831,774 

1886 

800 

2,732.200 

1898             32,471 

4,982,101 

1888 

1,010 

2,724,000 

1899             72,944 

5,518,048 

1890 

2,800 

3,707,200 

1900             76,859 

6,068,994 

1891 

5,359 

3,501,920 

1901           150,000 

6.710,000 

I>etailed  Supplx  of  tKe  United  States,  1901 

DOMESTIC 

Cane .292,150  tons.  12.4  per  cent. 

Beet 124,859  tons.  5.2  per  cent. 

Molasses  Sugar 17,977  tons.  .  7  per  cent. 

Maple 5,0(X)  tons.  .2  per  cent. 


439,986  tons.  18.5  per  cent. 

FROM  INSULAR  POSSESSIONS,  CANE 

Hawaii 309,070  tons.  L3.2  per  cent. 

Porto  Rico 64,052  tons.  2.7  per  cent. 

Philippine  Islands 5,100  tons.  .2  per  cent. 


Total  from  Insular  possessions 380,449  tons.        16.1  per  cent. 


Total,  Domestic  and  Insular  posses- 
sions   820,435  tons.       34.B  per  cent. 


FOREIGN 


Cane 1,292,080  tons.       54.6  per  cent. 

Beet 217,286  tons.         9.6  per  cent. 

Refined 42,515  tons.         1 . 7  per  cent. 


Total  Foreign 1,551,881  tons.        65.4  per  cent. 

Grand  Total 2,372,316  tons.      100.0  per  cent. 

Average  Increase  in  Total  Consumption  Per  Year  for 


France 6. 18  per  cent.  England 3 . 50  per  cent. 

Germany 6.91  per  cent.  United  States 6.94  per  cent. 

Austria 4.65  per  cent. 
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Stftgar  Consumption,  Dominion  of  Canada,  1900,  VITitK 

Sources  of  Supply 

Imi>orted  from 
United  States 

United  Kingdom  PossessionB  and  Other  Other 

and  British  pos-  Dependencies,  Cane  Beet  Total 

sessions,  Tons.  Tons.  Tons.         Tons.  Tons. 

Raw 11,020  2,689  3  112,613        126,325 

Refined 1,238  12,265  1,684  1,247         16,434 


12,258  14,954  1,687        113,860        142.795 

It  will  be  seen  that  more  than  75  per  cent,  of  the  total  supply  in 
Canada  was  from  sugar  beets. 

The  customs  duties  in  Canada  are  71|  cents  per  100  pounds  on 
raw  sugar,  (96  degrees,  Centrifugal)  and  $1.20  on  refined  sugar,  against 
$1.68^  and  $1.95  respectively  in  the  United  States.  This  duty  should 
be  materially  increased  before  the  production  of  beet  sugar  can  attain 
any  considerable  development. 

Having  had  an  opportunity  during  the  last  few  months  to  become 
acquainted  with  the  conditions  in  Colorado,  I  will  give  some  data 
showing  what  the  establishment  of  a  factory  means  to  a  community. 

I^oveland*  Colo. 

The  Loveland  factory  is  said  to  employ  400  men  and  boys  during 
the  sugar  making  season,  the  payroll  being  about  $25,000  per  months 
or  for  the  120  days,  or  four  months,  of  the  factory  campaign,  about 
$100,000. 

About  35  of  the  skilled  factory  employes,  the  office  force,  the 
agricultural  superintendent  And  his  corps  of  assistants,  are  employed 
the  year  round,  representing  a  payroll  for  the  eight  months  during 
which  the  factory  is  idle,  of  about  $4,000  per  month,  or  about  $32,000, 
making  the  annual  pay  roll  about  $132,000. 

The  local   beet  growing  industry,   following  the   erection  of  the 
Loveland  factory,  has  resulted  in  the  immigration  into  the  district  of 
about  1,500  laborers,  old   and  young,   who  came   to   Colorado  from 
Nebraska, 

The  wages  paid  in  the  beet  fields  for  ordinary  common  labor,  doing 
hand-work,  range  from  $1.50  to  $2.50  per  day,  if  reckoned  that  way,  but 
the  field  laborers  generally  contract  to  do  the  necessary  hand-work^ 
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viz.,  the  thinning  and  hoeing,  second  and  third  hoeings,  pulling  and 
topping,  for  $20  per  acre;  father,  mother  and  children  working  on  the 
family  contract. 

Aroimd  Loveland  beets  are  regarded  as  not  merely  a  more  profit- 
able crop  than  wheat  or  other  grain,  or  alfalfa,  or  potatoes,  but  as  a 
safer  crop,  as  much  less  liable  to  serious  damage  from  hailstones. 

The  beet  pulp  produced  by  this  factory  is  sold  to  local  stock  feed- 
ers at  35  cents  per  ton,  being  mainly  used  for  sheep. 

It  has  necessarily  given  quite  an  impetus  to  local  stock  feeding. 

The  beet  tops,  left  in  the  fields  after  the  beets  are  harvested,  are 
valuable  either  as  feed  for  cattle  and  sheep,  or  as  a  fertilizer  when 
ploughed  imder. 

It  is  diflScult  to  overestimate  the  benefit  of  this  factory  to  the 
Loveland  district.  It  has  already  materially  enhanced  the  market 
value  of  all  farm  lands  within  its  sphere  of  influence;  promoted  diver- 
sified farming;  rotation  of  crops  and  more  intensive  agriculture.  The 
$1,472,000  paid  to  local  growers  for  beets  during  the  three  seasons  the 
factory  has  been  in  oj^eration,  has  necessarily  gone  into  general  circu- 
lation and  benefitted  not  merely  the  Loveland  i]district  in  particular, 
but  Colorado  in  general,  in  a  variety  of  ways,  insomuch  that  the  con- 
tinued success  of  the  enterprise  is,  or  should  be,  a  matter  of  interest  to 
every  citizen  of  Colorado. 

Sugar  Oity,  Colo*  I 

The  beet  sugar  factory  of  the  National  Sugar  Manufacturing  com- 
pany at  Sugar  City  presents  somewhat  different  circimistances  to  the 
other  beet  sugar  factories  in  Colorado. 

Sugar  City  is  situated  fifty-six  miles  east  of  Pueblo  on  the  line  of 
the  Missouri  Pacific  railway,  or  about  160  miles  by  railroad  from 
Denver. 

In  the  spring  of  1899  the  site  of  the  i)resent  Sugar  City  was 
merely  "an  expanse  of  plain  and  sky,"  a  "round-up"  point  for  the  ojjen 
range  cattle  industry,  and  tenanted  by  prairie  dogs  and  occasional  coy- 
otes. Sugar  City  was  '  incorporated  in  June,  1900,  and  to-day  has  a 
population  of  about  1,500,  with  hotels,  business  houses,  a  bank,  a  fire 
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department,  a  $10,000  school  house  and  a  $20,000  water  works  plant* 
the  bonds  of  which  were  sold  at  par. 

All  this  has  followed  the  erection  in  1899  of  a  beet  sugar  factory 
at  Sugar  City  by  the  National  Sugar  Manufacturing  company. 

It  naturally  took  some  little  time  to  get  the  beet  growing  industry 
started.  The  first  year  the  factory  was  erected  remarkable  progress 
was  made,  considering  the  difficulties  which  had  to  be  overcome.  The 
industry  was  entirely  new  to  that  section.  The  farmers  were  imfa- 
miliar  with  the  method  of  raising  the  beets,  laborers  had  to  be  brought 
from  distant  places  and  were  compelled  to  live  in  tents  for  the  greater 
part  of  that  year,  and  the  land  was  but  a  vast  area  of  new  and  unbroken 
prairie.     Nevertheless,  12,000  tons  of  beets  were  raised  the  first  year- 

A  I^ar^e  Territory 

The  area  tributary  to  the  factory  extends  along  the  line  of  the 
Missouri  Pacific  railroad,  practically  as  far  as  Pueblo,  taking  in  the 
flourishing  agricultural. commimities  of  Ordway,  Olney,  Fowler,  Baxter, 
Vineland,  etc.,  and  representing  at  least  50,000  acres  of  irrigable  land. 
The  main  crops  of  this  tributary  area,  imtil  the  advent  of  the  factory, 
were  alfalfa,  grain,  etc.  There  is  not  much  live  stock,  except  on  the 
open  ranges  north  and  south.  There  is  little  dairying  or  poultry  rais- 
ing, but  there  are  numerous  orchards,  and  honey  is  shipped  out  by  the 
carload.  In  the  vicinity  of  Ordway,  about  six  miles  west  of  Sugar  City 
and  the  factory,  the  farms  are  of  good  size,  the  farmhouses  and  out- 
buildings substantial  and  well  painted.  The  farmsteadings  are  invar- 
iably surrounded  by  orchards,  shade  trees,  hay  and  grain  ricks,  and 
usually  also  have  a  cluster  of  white  tents,  occupied  by  the  laborers  for 
the  beet  fields. 

The  National  Sugar  Manufacturing  company  owns  12,000  acres  of 
land  surrounding  Sugar  City  and  the  factory,  the  Missouri  Pacific 
railway  passing  diagonally  through  the  center  of  the  tract.  This  body 
of  land,  which  lies  in  compact  form,  is  an  excellent  alluvial  deposit  of 
light  loam,  mixed  with  fine  gravel,  yielding  readily  to  the  plow  and 
easy  of  cultivation. 

Just  north  of  this  area  nms  the  Colorado  canal,  owned  by  the 
Twin  Lakes  Land  and  Reservoir  company,  from  which  the  whole  of 
the  12,000  acres  of  the  National  Sugar  Manufacturing  company  is  irri- 
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gable.  The  Meredith  lakes  south  of  the  town,  have  a  circumference  of 
thirteen  miles,  the  volume  of  water  in  which,  though  varying  with  the 
seasons,  never  fails. 

THe  VITater  Stipplx 

The  NationalSugar  Manufacturing  company  owns  extensive  water 
rights,  Lake  Henry,  fed  by  means  of  a  priority  right  from  the  Arkan- 
sas river  through  the  Colorado  canal  being  the  base  of  supply.  In 
other  words,  from  Twin  Lakes,  2,000  acres  in  extent,  with  average 
depth  of  eighty-five  feet,  in  Lake  county,  at  an  altitude  of  9,200  feet, 
the  water  is  carried  in  a  natural  canal  to  the  Arkansas  river,  a  distance 
of  nine  miles.  Then  down  the  Arkansas  river  for  a  distance  of  150 
miles  to  Boone,  east  of  Pueblo,  at  Boone  taken  into  the  Colorado  canal 
and  conveyed  a  distance  of  thirty-five  miles  to  Lake  Henry  and  from 
there,  through  a  wooden  stave  pipe  to  Sugar  City  and  the  adjoining 
land  of  the  National  Sugar  Manufacturing  company.  When  the 
Arkansas  river  supply  becomes  short,  as  it  usually  does  during  the 
middle  of  the  summer,  the  headgate  at  Twin  Lakes  is  opened  and  the 
necessary  amoimt  of  water  liberated,  which  in  about  two  days,  via  the 
Arkansas  river,  the  Colorado  canal  and  Lake  Henry,  is  delivered  for 
irrigation  use  around  Sugar  City. 

In  addition  to  this,  the  great  storage  reservoir  of  Lake  Henry, 
four  miles  northwest  of  Sugar  City,  holds  a  vast  volume  of  water  ready 
for  any  emergency  of  threatened  drought. 

It  is  said  that  the  before-mentioned  facilities  preclude  shortage  of 
water  around  Sugar  City. 

I^and  Under  Cultivation 

The  company  is  cultivating  a  considerable  portion  of  its  12,000 
acres  of  land,  4,000  acres  being  devoted  to  beets.  A  quantity  of  the 
company's  land  is  leased  to  other  beet  growers  and  the  remainder  is 
grown  by  the  company  to  alfalfa  and  grain  crops  as  a  precursor  to 
beets. 

The  total  cost  to  the  company  of  handling  its  portion  of  the  12,- 
000  acres  this  season  will  be  about  $250,000,  by  far  the  greater  part  of 
the  expense  being  on  the  4,000  acres  of  beets. 

In  addition,  about  140  beet  growers,  owning  or  leasing  land  along 
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the  line  of  the  Missouri  Pacific  railroad,  with  an  average  of  eleven 
acres  of  beets  each,  have  contracted  to  furnish  the  factory  this  season 
with  the  beets  from  about  1,500  acres. 

Taking  the  average  yield  per  acre  at  the  low  estimate  of  ten  tons, 
the  factory  should  slice  from  all  sources  between  40,000  and  50,000 
tons  of  beets  this  season. 

For  beets  which  contain  14  per  cent,  sugar,  the  company  pays  $4 
ton,  allowing  25  cents  extra  per  ton  for  each  1  per  cent,  of  sugar.  The 
average  sugar  contents  are  17^  per  cent,  and  in  some  exceptional  cases 
the  beets  test  as  high  as  21  and  22  per  cent.  The  average  price  the 
growers  receive  is  about  $4.87  per  ton.  Many  of  the  beet  growers 
raise  an  average  of  twelve  tons  to  the  acre,  while  some  raise  as  high  as 
fifteen  and  twenty  tons  per  acre. 

Some    Statistics 

One  grower  near  Ordway  received  from  the  company  for  beets  de- 
livered from  two  and  three-quarters  acres,  $365.39  or  $132.84  per  acre. 
He  did  a  large  part  of  the  work  himself,  but  assuming  that  the  value 
of  his  own  labor  and  whatever  other  labor  he  had  to  pay  for  was  $32 
per  acre,  it  still  left  a  profit  of  $100  i^er  acre. 

Another  company  received  from  the  comx)any  about  $2,500  for  the 
beets  from  forty  acres. 

Another  grower,  who  leased  forty  acres  of  the  company's  land, 
raised  an  average  of  sixteen  tons  per  acre  of  high  quality  and  received 
from  the  factory  therefor  about  $3,0(X). 

The  cost  of  production  of  an  acre  of  beets  at  Sugar  City  is  conser- 
vatively stated  as  follows: 

Plowing             -              .              -             .  $3.50 

Irrigating,  winter  (once)         -             -             -  .75 

Irrigating,  summer,  (three  times)              -  1.00 
Harrowing,   (three  times)         -             -             -         .90 

Seed              -            ....  3.00 

Seeding                ....  .50 

Cidtivating  (5  timea)            -            -            -  2.00 

Bmiching  and  thinning,  by  contract  labor  6.00 

Hoeing,  by  contract  labor            -            -  6.00 
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Pulling  and  topping,  by  contract  labor  -        6.00 

Plowing  up  beets  -  -  -  2.00 

Hauling  (ten  tons)  -  -  -  5.00 


Per  acre  .  .  .  .  $36.65 

It  is  said  that  the  above  figures  can  be  somewhat  reduced  by  less 
cultivating  and  by  the  grower  doing  his  bunching  and  thinning,  hoeing, 
pulling  and  topping  by  the  month.  Even  on  the  above  showing,  a 
production  of  fifteen  tons  per  acre  means  over  $73  per  acre,  or  a  net 
profit  of  nearly  $30  per  acre,  while  at  ten  tons  per  acre  there  is  still  a 
fair  profit  to  the  grower 

Heavx  Pax  Roll 

In  addition  to  the  amount  paid  this  season  by  the  factory  to  in- 
dependent growers  for  beets,  the  company  has  an  annual  payroll  of  be- 
tween $150,000  and  $200,000,  covering  the  190  factory  employes  dur- 
ing the  sugar  making  season  of  about  120  days,  commencing  October 
1,  the  maintenance  of  the  administration  crops,  about  forty  in  number, 
during  the  other  eight  months  of  the  year,  and  the  force  required  to 
run  that  part  of  the  company's  12,000  acres  of  land,  not  in  beets,  oper- 
ated by  the  company.  Further  large  sums  are  expended  in  Colorado 
in  the  purchase  of  coal,  lime  rock,  etc.,  and  in  railroad  freight. 

The  factory  treats  500  tons  of  beets  per  day  during  the  season  and 
produces  120,000  poimds  or  sixty  tons  per  day  of  pure  white  granulat- 
ed sugar  therefrom. 

Its  modus  ojperandi  of  manufacturing  resembles  that  at  other 
Colorado  factories  suflSciently  to  call  for  no  relocated  description  here. 
As  it  stands  to-day,  the  factory  has  cost  approximately  $500,000. 

During  the  agricultural  season  the  company  employs  about  1,000 
persons  old  and  yoimg.  on  the  acreage  of  beets  grown  by  itself,  while 
the  independent  growers  employ  outside  help  to  the  number  of  at 
least  500  persons. 

The  usual  price  for  hand  work  is  about  $18  per  acre;  man  and 
two  horse  team  get  $3  per  day,  and  irrigators  $1.75  jx^r  day.  One  beet 
worker  received  one  check  for  $900  for  his  personal  contract  labor  from 
May  1  to  November  1.  Many  others  received  amounts  equal  to  this 
for  similar  contracts. 
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Foreii^n  I^abor 

The  bulk  of  this  labor  is  performed  by  people  commonly  known 
as  Russians,  but  really  people  of  German  race  and  language  bom  in 
Russia.  It  is  said  that  these  German  laborers  around  Sugar  City, 
while  coming  here  from  Nebraska,  came  originally  from  the  provinces 
of  Saratov  and  Samara  in  the  valley  of  the  Volga  and  are  descendants 
of  German  emigrants  who  settled  in  that  part  of  Russia  in  the  middle 
of  the  Eighteenth  century.  They  are  said  to  speak  the  German  which 
prevailed  over  a  century  ago,  like  the  Canadians  of  Lower  Canada 
largely  speak  the  French  which  prevailed  in  France  at  the  time  when 
their  ancestors  emigrated  from  France  to  Lower  Canada.  These  Ger- 
man-Russian laborers  have  built  a  Lutheran  church  and  have  their 
own  resident  pastor.  They  are  phenomenally  industrious,  father, 
mother,  and  children  working  in  the  fields  side  by  side  early  and  late. 
A  number  of  the  men  who  came  first  have  purchased,  with  their  sav- 
ings, serviceable  teams  and  wagons  and  do  most  of  the  beet  team  work 
at  so  much  per  ton.  Some  of  the  older  comers  have  ceased  to  dwell  in 
tents,  having  acquired  small  tracts  of  land  and  erected  their  own 
houses. 

Manx  PHases 

There  are  also  about  100  Mexicans,  chiefly  engaged  in  loading  or 
unloading  beets  rather  than  field  work,  but  they  are  transients,  only 
staying  around  Sugar  City  for  the  sugar  making  season. 

The  residum  pulp  from  the  factory  has  given  an  impetus  to  the 
local  feeding  of  cattle  and  sheep,  one  packing  company  of  Pueblo 
feeding  3,000  head  of  steers  and  500  sheep  at  Sugar  City  this  season. 

The  National  Sugar  Manufactory  company  has  reclaimed  and  put 
into  profitable  production  a  large  tract  of  Colorado  land. 

It  has  annually,  for  five  consecutive  years,  disbursed  large  sums 
of  money  in  the  employment  of  profitable  labor  in  Colorado  and  for 
beets  produced  by  independent  growers.  It  has  added  another  pros- 
perous community  to  the  state.  It  obviously  merits  full  appreciation 
and  support  from  the  citizens  of  the  state,  no  matter  where  resident 
of  the  state. 

THe  Greelex  District. 

The  Greeley  district  was  the  pioneer  in  Colorado  of  agriculture  on 
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any  considerable  scale,  by  means  of  irrigation,  and  its  success  in  the 
'70s  gave  the  impetus  which  resulted  in  similar  enterprises  and  re- 
clamation of  dry  land  at  many  other  ix)ints  in  the  state.  Had  the 
Greeley  colonists  been  less  indomitable  in  the  early  '70s  and  allowed 
themselves  to  fail  in  their  efforts,  the  development  of  agriculture,  as  it 
exists  in  Colorado  to-day,  might  have  been  i^ostponed  ix)ssibly  twenty 
years.  The  whole  state,  therefore,  is  infinitely  indebted  to  the  Greeley 
colony  for  its  pioneer  work  of  converting  semi-arid  lands  into  fertile 
fields  by  artificial  irrigation  from  the  streams  fed  from  the  melting 
snows  and  eternal  springs  in  the  mountains. 

Of  the  seventy-five  square  mik^s  of  irrigated,  cultivated  land  sur. 
rounding  Greeley  th(*  respective  acreages  of  various  crops  for  the  sea- 
son of  1903  are  estimated  in  the  following  onler:  (1)  alfalfa,  (2)  i)ota- 
toes,  (3)  wheat,  (4)  sugar  beets,  (5^  oats,  (6)  barley. 

That  i)ortion  of  the  land  which  has  been  in  continuous  cultivation 
since  the  early  '70s  is  more  productive  now  than  ever  before  for  var- 
ious reasons,  viz:  (1)  more  intelligent  and  economic  use  of  water,  (2) 
more  thorough  cultivation,  (3)  the  utilization  of  alfalfa,  plowed  under 
as  a  fertilizer,  (4)  rotation  of  crops,  (5)  increased  use  of  barnyard  and 
sheep  pen  manure,  (6)  imi)rovement  in  agricultural  implements  and 
appliances  and  in  grade  of  fann  horses. 

UigH  VITHeat    Average. 

Years  ago  the  average  local  wheat  crop  ranged  from  twenty-five  to 
thirty  bushels  per  acre,  while  to-day,  it  is  said  to  range  from  thirty  to 
as  high  as  sixty  bushels  per  acre,  the  minimum  average  being  forty 
bushels. 

* 

Potatoes  formerly  used  to  range  from  seventy  to  eighty  sacks  (of 
100  jxDunds  each)  to  the  acre,  while  for  the  season  of  1903  they  are 
said  to  average  at  least  100  sacks  i)er  acre. 

With  the  increased  average  yield  of  wheat  and  potatoes,  the  cost 
of  production  jx^r  bushel  and  pi^r  sack  has  decreased. 

The  estimated  cost  of  raising  wheat  aromid  Greeley  is  said  to  be 
about  $10  per  acre.  An  average  yield  of  forty  bushels  per  acre,  at 
present  price  of  90  cents  j)er  bushel,  means  $36  per  acre,  or  a  profit  to 
the  grower  of,  say,  $25  per  acre. 
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The  estimated  cost  of  raising  potatoes  around  Greeley  is  said  to 
be  from  $30  to  $35  per  acre,  including  seed.  An  average  yield  of  100 
sacks  per  acre,  at  present  price  of  70  cents  per  sack,  means  $70  per 
acre,  or  a  profit  to  the  grower  of,  say,  $35  per  acre. 

It  is  estimated  that  Weld  coimty  this  season  has  raised  and  will 
ship  8,000  cars  of  potatoes,  averaging  at  least  fifteen  tons  per  car,  of 
which  at  least  4,000  cars,  or  60,000  tons,  were  raised  in  the  ten  square 
miles  immediately  surrounding  Greeley,  where  the  ^'dugout"  for  potato 
storage  is  an  adjunct  on  practically  every  farm. 

These  Greeley  potatoes,  on  account  of  their  superior  quality,  have 
been  for  years  shipped  throughout  the  Southern  and  Middle  states, 
and  even  as  far  east  as  New  York  and  Boston,  2,000  miles  by  railroad. 

Beet  Stft^ar  Factory 

In  1902  the  Greeley  Sugar  company  built  and  completed  a  beet 
sugar  factory  at  Greeley  with  a  daily  capacity  of  600  tons  of  beets. 

The  oflScers  of  the  company  are:  C.  S.  Morey,  president;  C.  A. 
Granger,  vice  president;  M.  D.  Thatcher,  treasurer,  and  W.  A.  Dixon. 

secretary. 

The  factory  as  it  stands  to-day,  including  first  cost  and  subsequent 
additions  and  improvements,  represent  a  cash  investment  of  $750,000. 
The  factory  premises  cover  sixty-five  acres,  and  the  site  is  ideal. 

While  there  is  a  suflScient  resemblance  between  the  various  fac- 
tories of  the  state  to  render  unnecessary  a  special  description  of  the 
Greeley  factory,  it  may  be  said  of  this  factory,  that  it  was  evidently 
designed  and  built  by  experienced  men  with  a  view  to  maximum  eflSc- 
iency  at  minimum  first  cost  and  subsequent  cost  of  operation.  The 
factory  has  a  well,  through  the  gravel  down  to  bed  rock,  from  which 
1,000,000  gallons  per  day  of  pure  water  is  pumped  and  used  exclusively 
in  the  manufacture  of  sugar. 

VITide  Territory  Covered* 

In  1902,  its  first  season,  the  factory  sliced  40,000  tons  of  beets, 
paying  the  farmers  $180,000  and  making  8,000,000  pounds  of  sugar. 

For  the  season  of  1903  it  is  estimated  that  the  factory  will  slice 
55,000  tons  of  beets,  paying  the  growers  therefore  $247,000  and  mak> 
ing  therefrom  12,000,000  pounds  of  sugar. 
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In  the  season  of  1903,  4,H00  acres  of  beets  were  contracted  for  the 
factory,  the  territory  being  far  reaching  at  points  along  the  Union 
Pacific  railroad,  on  the  Denver  line  as  far  as  Fort  Lupton,  twenty-six 
miles  from  Greeley,  and  along  the  Julesburg  line  as  far  as  Deuel,  forty 
miles  from  Greeley.  The  factory  has  four  dumping  stations  on  the 
line  of  the  Union  Pacific,  viz.,  at  Goodrich,  Kersey,  LaSalle  and  Fort 
Lupton.  About  three-fifths  of  the  factory's  supply  of  beets  this  sea- 
son came  in  by  railroad  from  various  points  along  the  Union  Pacific 
and  the  remaining  two-fifths  were  delivered  by  wagon  from  growers 
within  a  radius  of  about  five  miles  from  the  factory. 

There  were  560  individual  growers  who  averaged  about  nine  acres 
each,  the  average  yield  being  about  twelve  tons  per  acre.  One  man 
with  twenty-two  acres  raised  twenty-six  tons  per  acre.  Other  growers 
with  smaller  tracts  raised  as  high  as  thirty  and  even  thirty-two  tons 
per  acre,  showing  what  can  be  done. 

Cost  of  Prodtftction 

The  cost  of  production  of  the  beets  is  said  to  range  from  $30  to 
$40  per  acre,  depending  on  what  the  grower  has  to  hire.  It  is  said 
that  a  man  can  rent  land,  pay  for  water,  hire  a  foreman  and  pay  for  all 
necessary  work  and  still  raise  beets  at  a  total  cost  of  not  to  excc^ed  $40 
per  acre. 

In  1902  the  payroll  of  the  factory  during  the  sugar  making  season, 
commencing  October  10  and  finishing  January  17,  is  expected  to  be 
about  $70,000,  and  during  the  fiscal  year  $19,000. 

The  beet  pulp  from  this  factory  amounting  to  over  20,000  tons 
this  season,  is  giving  an  impetus  to  local  stock  feeding,  mostly  sheep. 
Ninety  per  cent,  of  the  pulp  will  be  fed  to  stock  within  a  mile  and  a 
half  of  the  factory,  and  two  cars  of  pulp  per  day  are  being  shipped 
to  points  along  the  Union  Pacific,  as  far  as  Fort  Lupton  on  the 
Denver  line,  and  as  far  as  Masters  and  Orchard  on  the  Julesburg 
line. 

The  price  of  the  beet  pulp  is  35  cents  per  ton  f .  o.  b.,  also  35  cents 
I)er  ton  at  the  silo  for  local  beet  growers,  and  50  cents  at  the  silo  to 
non-beet  growers.  According  to  the  United  States  government  report 
beet  pulp  is  worth  $1.22  per  ton  for  stock  feeding  purposes. 
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SHeep  Indtftstry* 

Near  the  factory  the  company  has  5,(X)0  Mexican  and  Southern 
sheep,  including  many  old  ewes,  being  fattened  on  pulp  and  hay. 
They  were  delivered  in  the  factory  pens  on  October  28  and  it  was  esti- 
mated there  were  1,(XX)  head  ready  for  market. 

It  is  estimatixl  there  will  be  a  net  j^rofit  of  at  least  $1  per  head  on 
these  5,000  shec^j),  besides  1,000  loads  af  manure,  which  is  sought  after 
by  farmers  at  75  cents  per  load.  These  pulp  fattened  sheep  arc*  shii)- 
ped  to  Missouri  river  points  as  far  as  Chicago. 

The  Gre(4ey  beet  sugar  factory  represents  a  cash  investment  of 
$750,000,  and  in  its  two  seasons'  operations  has  practically  already 
paid  $^27,000  for  beets  and  §168,000  in  payrolls,  or  a  total  local  dis- 
bursement in  two  years  of  nearly  $600,000,  to  say  nothing  of  cost  of 
coal,  lime  rock,  railroad  freight,  taxes,  etc. 

Eaton,  Colo. 

Eaton  has  a  population  of  about  1,000,  and  has  two  banks,  two 
hotels,  two  school  houses,  costing  ;$30,000,  a  newspaj)er,  a  gas  plant, 
water  works  system,  sewerage  system,  telephone  system,  three  churches, 
elevator  with  a  capacity  of  110,000  bushels,  flouring  mill  of  400-barrel 
daily  capacity,  and  a  beet  sugar  factory  of  600  tons  daily  capacity. 
There  are  no  saloons. 

The  agricultural  country  tributary  to  Eaton  is  about  100  square 
miles  in  extent,  and  contains  several  thousand  i)opulation.  In  it  there 
are  about  150  miles  of  main  irrigating  canals,  mostly  fed  from  the 
Cache  la  Poudre,  but  some  from  the  Larimer  river. 

A  Great  Farming  Country. 

.Taking  the  average  l()0-acre  farm,  the  various  crops  are  generally 
represented  about  as  follows:  alfalfa,  forty  acres;  potatoes,  forty 
acres;  sugar  be(»ts  fifteen  acres;  grain,  wheat  predominating,  sixty-five 
acn^s.  There  are  comparatively  few  eighty-acre  farms,  larger  sizes 
prevailing. 

A  special  feature  of  the  district  is  large  ownerships  and  the  rent- 
ing the  land  to  tenants  on  shares.  For  instance,  ex-Govenor  B.  H. 
Eaton  owns  15,000  acres  of    which   12,000  acres  are  under  cidtivation. 
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while  his  two  sons  aggregate  an  additional  6,000  acres,  not  one  of  the 
three  doing  any  farming  himself,  but  renting  his  land  out  to  the  actual 
cultivators  on  shares.  The  owner  furnishes  the  land,  irrigating  water^ 
house  and  other  improvements,  receiving  as  rent  one-third  of  the  grain 
and  potatoes,  one-fourth  of  the  sugar  beets,  one-half  of  the  alfalfa. 
The  tenant  furnishes  the  implements,  working  animals  and  the  labor^ 
taking  the  remainder  of  each  crop  as  his  share.  This  gives  the  ten- 
ants a  chance,  which  many  of  them  would  not  otherwise  have.  A 
limited  cfipital  will  purchase  seed  and  horses,  and  hire  machinery,  with 
the  certainty  of  getting  two-thirds  of  the  grain  and  potatoes,  three- 
fourths  of  the  sugar  beets,  and  one-half  of  the  alfalfa  raised,  while  in 
the  event  of  a  bad  year  or  poor  crop  the  tenant  farmer  is  not  expected 
to  find  a  certain  amount  of  cash  for  a  fixed  rent,  whether  he  has  made 
it  or  not.  In  fact,  it  is  a  partnership  which  works  well  for  both  land 
owner  and  tenant,  is  equitable  and  has  enabled  many  a  man  to  make  a 
start  which  he  could  not  have  done  in  any  other  way. 

THe  Eaton   Sti^ar  Companx* 

The  Eaton  district  during  the  past  season  raised  about  150,000 
bushels  of  wheat  and  about  1,500  cars,  or  22,500  tons,  of  potatoes,  net- 
ting the  growers,  at  $210  pt^r  car,  $315,000, 

In  1802,  the  Eaton  Sugar  company  built  and  completwl  a  beet 
sugar  factory  at  Eaton,  with  a  daily  capacity  of  600  tons  of  beets. 

The  oflficers  of  the  comixiny  are:  C.  S.  Morey,  president;  W.  D. 
Hoover,  vice-president;  M.  D.  Thacher,  treasurer,  and  W.  A.  Dixon, 
secretary. 

The  factory  ns  it  stands  to-day^  including  first  cost  and  subseijuent 
additions  and  imi^rovements,  represents  a  cash  investment  of  $750,000. 

The  factory  premises  comprise  sixty  acres  and  the  site  is  advan- 
tageous. In  general  matters  it  sufficiently  resembles  the  other  factor- 
ies in  Colorado  as  not  to  call  for  any  detailed  description  here. 

In  1902,  its  first  season,  the  factory  sliced  35,000  tons  of  beets, 
I)aying  the  farmers  therefor  at  the  rate  of  $5  per  ton,  $175,000. 

For  the  season  of  1903  it  is  estimated  the  factory  will  slice  60,(XX) 
tons  of  beets,  paying  the  farmers  therefor,  at  the  rate  of  $5  per  ton, 
$300,000. 
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Htindreds  of  Groovers 

In  the  season  of  1903  there  were  about  6,000  acres  of  beets  con- 
tracted for  the  factory,  mostly  grown  within  a  radius  of  eight  or  ten 
miles  from  the  factory,  the  company  having  two  dumping  stations  on 
the  Union  Pacific  railroad,  north  of  Greeley,  viz.,  one  at  Lucerne,  and 
the  other  at  Ault.  This  factory  has  also  received  beets  from  the  dis- 
tricts south  of  Greeley.  About  65  per  cent,  of  the  beets  come  by 
wagon  from  the  farms  within  three  to  four  miles,  and  the  other  35  per 
cent,  come  railroad. 

There  were  about  400  individual  growers  last  year,  who  averaged 
about  fourteen  acres  each,  the  average  yield  being  upwards  of  twelve 
tons  per  acre.  There  were  instances  where  growers  raised  as  much  as 
thirty-six  tons  per  acre,  and  in  some  cases  of.  small  tracts,  receiving 
special  attention,  even  as  high  as  forty  tons  per  acre. 

The  local  cost  of  beet  production  ranges  from  $30  to  $35  per  acre. 

In  1902  the  payroll  of  the  factory  during  the  four  months'  sugar 
making  season  was  about  $40,000,  and  during  the  eight  months  while 
the  factory  was  idle,  about  $25,000. 

In  1903,  the  payroll  of  the  factory  during  the  sugar  making  sea- 
son, commencing  October  1  and  finishing  January  10,  is  exix?cted  to 
be  $50,000,  and  during  the  remainder  of  the  fiscal  year  $25,000. 

Fortunes  Paid  Otit 

The  beet  pulp  residue  from  this  factory,  amounting  to  about  30,- 
000  tons  this  season,  is  sold  at  30  cents  per  ton  at  the  silo,  and  is  being 
used,  along  with  hay,  etc.,  for  the  feeding  of  30,000  sheep  within  mod- 
arate  radius  of  the  factory.  At  the  time  of  the  writer's  visit,  Decem- 
ber 21,  there  were  said  to  be  about  12,000  sheep  in  feeding  pens 
adjoining  the  factory. 

Having  regard  to  the  fact  that  the  Eaton  beet  sugar  factory  repre- 
sents a  cash  investment  of  §750,000,  and  in  its  two  seasons'  operations 
has  practically  already  paid  $475,000  for  beets  and  $140,000  in  payrolls, 
or  a  total  local  disbursement  in  two  years  of  about  $615,000,  to  say 
nothing  of  cost  of  coal,  lime  rock,  railroad  freight,  taxes,  etc.,  the 
writer  was  unprepared  for  the  statement  from  a  prominent  Eaton  man 
man  that  there  was  considerable  local  prejudice  against  the  beet  grow- 
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ing,  as  beets  are  supposed  to  impoverish  the  soil.  It  is  surprising  how 
people,  who  could  be  expected  to  know  better,  jump  to  unwarranted 
conclusions,  without  first  making  some  careful  investigation.  Yet 
here  is  a  local  example  of  beets  as  compared  with  potatoes  and  show- 
ing that  beets  improve  the  soil  for  other  crops. 

Some  Good  Returns 

Mr.  William  Stanley  of  Lucerne,  grew  for  the  Eaton  sugar  factory 
in  1903,  on  rented  ground,  belonging  to  a  Greeley  merchant,  twenty 
acres  of  beets,  which  yielded  483  tons,  for  which  he  was  paid  by  the 
factory  $2,415. 

After  deducting  $200  paid  for  bunching,  thinning,  and  hoeing, 
$241.50  for  pulling  and  topping,  and  $805  (the  value  of  the  land 
owner's  share  of  the  crop)  for  rent,  he  had  left  a  net  balance  of 
$1,168.50,  or  $58.42  net  per  acre. 

During  the  same  season,  1903,  he  grew  on  the  same  farm  thirty 
acres  of  potatoes,  yielding  2,950  sacks,  which  he  says  will  shrink  in 
weight  by  the  time  they  are  sold  to  290,000  pounds.  If  sold  at  present 
price  of  80  cents  per  100  pounds,  they  will  realize  $2,320.  From  that 
amount  he  deducts  picking,  $147.50;  sacks,  $60;  twine,  $3;  taking  out 
of  "dug-out,"  $58;  or  a  total  of  $268.50,  which,  added  to  $1,160  (the 
value  of  the  land  owner's  share  of  the  crop)  for  rent,  makes  his  ex- 
penses $1,428.50,  leaving  him  $891.50  net  for  the  thirty  acres  of  pota- 
toes, or  $29.71  net  per  acre,  as  compared  with  $58.42  per  acre  for  his 
beets. 

Hoiv  One  Man  VITas  Paid 

In  the  above  comparison  there  is  no  mention  of  the  cost  of  irri- 
gating, cultivating,  digging,  etc.,  as  Mr.  Stanley  says  those  items  are 
about  the  same  in  beets  as  in  potatoes,  b.it  if  anything  rather  in  favor 
of  the  beets;  as  beets  can  be  dug  with  two  ho'-ses,  while  four  are 
required  for  digging  potatoes. 

In  1902  Mr.  Stanley  had  a  certain  thirty  acres  of  which  five  acres 
were  in  beets,  yielding  twenty  tons  per  acre,  and  the  other  twenty- five 
acres  being  in  wheat,  which,  however,  was  destroyed  by  hail  June  27, 
did  not  yield  an  ounce  of  wheat,  though  irrigated,  and  therefore 
remained  practically  fallow  in  1902.  Of  this  same  thirty  acres,  in  1903 
he  planted  the  five  acres  in  jxjtatoes  which  had  been  in  beets  in  1902, 
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and  they  yielded  655  sacks,  or  181  sacks  per  acre.  The  other  twenty- 
five  acres  which  had  been  in  wheat  in  1902  he  also  planted  with  pota- 
toes in  1903,  and  they  yielded  2,295,  sacks,  or  an  average  of  91.8  sacks 
per  acre,  as  compared  with  131  sacks  per  acre  on  the  five  acres  which 
haci  previously  grown  beets.  Mr.  Stanley's  experience  is  by  no  means 
an  isolated  case. 

Industrx  Yet  Ne^v 

The  sugar  beet  industry  in  Colorado  is  too  new  for  Colorado  peo- 
ple yet  to  know  all  about  it,  and  Colorado  can  learn  much  from  Grer- 
many,  where  the  industry  has  been  long  established  and  has  been 
largely  brought  down  to  scientific  principles. 

Report  No.  74  (page  149)  of  the  United  States  Department  of 
Agriculture  says  that  the  influence  of  beet  culture  on  the  fanner's 
land  is  best  show^n  by  rei)roducing  that  portion  of  the  report  of  one  of 
the  United  States  consuls  in  Grermany.  which  treats  of  the  effects  of 
beet  culture  in  rotation  with  other  crops.  The  Germans  are  not  only 
exceedingly  systematic,  but  very  scientific,  and  the  following  report  of 
exhaustive  experiments  most  carefully  made,  should  serve  to  unde- 
ceive any  who  erroneously  believe  that  sugar  beets  rapidly  exhaust 
the  soil. 

The  United  States  Consul's  report  is  as  follows; 

Some  German  Figures 

"A  German  farm  of  625  acres  produced,  before  thc^  intfcxluction 
of  beet  culture,  yearly  9,730  bushels  of  grain  in  ten  years'  average. 
After  beet  culture  was  introduced,  with  125  acres  yearly  to  beets,  the 
average  yearly  grain  crop  from  the  remaining  500  acres  was  9,870 
bushels,  or  1^34  bushels'  increase.  Another  farm  in  the  province  of 
Saxony,  also  of  625  acres,  produced,  before  beet  culture  was  intro- 
duced, in  ten  years'  average,  13,879  bushels  of  grain.  When  five  years 
afterwards  135  acres  were  planted  with  beets,  the  grain  crop  of  the 
remaining  490  acres  was  14,365  bushels'  average,  and  afterwards,  when 
yearly  220  acres  of  beets  were  pbinted,  the  average  grain  crop  from  the 
remaining  405  acres  was  14,397  bushels,  or  518  bushels  more  than 
from  the  whole  625  acres  before  beets  were  raised." 

The  figures  of  thirty-five  other  farms  of  from  500  to  1,000  acres 
each,  in  the  province  of  Saxony,  are  given  on  page  150  of  Report  No. 
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74,  the  average  beet  crop  on  which  was  17  1-5  tons  per  acre,  and  show- 
ing that,  in  consequence  of  growing  sugar  beets  in  rotation  with  other 
crops,  the  average  yield  of  the  other  crops  was  increased  as  follows: 
Wheat,  24  per  cent.;  rye,  14.8  per  cent.;  barley,  25.2  per  cent.;  oats, 
41.5  per  cent.;  peas,  86  pt?r  cent.;  potatoes,  103.2  per  cent. 

SKould  Studr  Subject 

In  the  light  of  the  experience  of  Grermany,  it  is  evident  that  the 
farmers  in  Montana,  who  desire  to  materially  increase  the  average  of 
their  crops  of  wheat,  oats,  potatoes,  etc.,  cannot  do  better  than  grow 
sugar  beets  in  rotation  with  such  other  crops. 

On  this  subject,  Report  No.  74  of  the  United  States  Department 
of  Agriculture  says  that  the  above  quoted  German  demonstration 
"shows  that  the  farmer  who  rotates  his  beets  with  other  crops  does  not 
decrease  the  productiveness  of  his  land,  when  sown  to  other  crops,  but, 
on  the  contrary,  greatly  increases  its  productiveness.  The  truth  is 
that  a  good  farmer  cannot  measure  his  profits  by  his  '  beet  crop  alone, 
but  must  consider  the  extra  j^rofit  which  beet  culture  enables  him  to 
make  on  everything  else  he  grows." 

The  individual  beet  growers  of  Montana  would  do  well  to  study 
the  valuable  information  contained  in  the  before  mentioned  Report 
No.  74,  as  they  would  thereby  avoid  being  misled  by  the  prejudiced 
statements  of  practically  irresponsible  persons,  who  have  evidently- 
given  insufficient  study  to  the  subject. 
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Report  of  Crop  of  1903. 


TABLE  OP  COMPOSITION,  YIELD  AND  VALUE 
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Co-operating 
Farmer 


U.  O.  C.  Andrews. 
I.  D.  O'Donnell... 
H.  Shrammeck  . . . 

C.  H.  Norton 

J.  R.  Stevens 

G.  F.  Hunter 

J.  R.  Stevens 

A.  Anderson 

(\  R.  Schurch.... 

M.  Flannigan 

Chas.  E.  Coleman 

Daniel  Payne 

H.  Buckhouse. . . . 

Jas.  Lar^ent 

H.  O.  O.  Andrews. 
Theodore  Koenig  . 

N.  D.  Root 

J.  A.  Conrey 


H.  Shram  meek 
J.  B.  Taylor  . . . 
Toman  Bros.  .. 
J.  R.  Stevens , . 
C.  R.  Schurch. 
J.  R.  Stevens . . 
P.  W.  Bradford 
A.  Anderson. . . 
Joa.  L.  Sargent 


Locality 


McLeod,  Sweet  Grass  Co 
Billinfjs,  Vellowstone  Co. 

Cascade,  Cnscade  Co 

Bridger.  Carbon  Co 


k( 


Feeley,  Silver  Bow  Co.  . . 
Deer  Lodge.  Powell  Co.  . . 
Billings,  Vellowstone  Co. 
Missoula,  Missoula  Co. .. 

Monarch,  Cascade  Co 

Missoula,  Missoula  Co.    . 

Ulm,  Cascade  Co 

McLeod,  Sweet  Grass  Co 
Kalispell.  Flathead  Co. . . 
Whitehall.  Jefferson  Co. . 
Cascade,  Cascade  Co 


Bridger,  Carbon  Co 

Deer  Lodge,  Powell  Co. . 

Bridger,  Carbon  Co 

Great  Falls,  Cascade  Co, 
Feeley,  Silver  Bow  Co. . . 
Ulm,  Cascade  Co 


Sept.  21 
21 
22 

22 
23 
23 
23 
26 
26 
28 
30 
30 
30 

Oct.  3 
14 
14 
24 
24 
28 
28 
29 
29 
29 
31 

Nov.  1 
-   3 
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TABLE  OF  COMPOSITION,  YIELD  AND  VALUE.— Continued 


Laboratory 
No. 

Average  weight 

• 

**   o 
P  h  s 

^  t«P 
h  p— » 
«  CO  c; 

16.8 

10.6 

9.1 

13.2 

8.6 

10.6 

9.0 

12.9 

14.0 

10.9 

15.6 

15.4 

11.8 

11.3 

14.4 

17.8 

11.9 

10.8 

13.0 

13.8 

,  14.9 

'  13.2 

14.6 

14.0 

13.0 

13.5 

12.2 

12.5 

Per  cent. 
Bugarin  beet 

DO 

p:3y 

U  CO  P 
i,  —  '^ 

«  G0  P 

20 

15.5 

14.5 

17.6 

13.7 

15.5 

13.2 

16.9 

18.8 

15.5 

18.0 

19.4 

14.5 

15.4 

16.8 

22.1 

15.4 

16.0 

17.8 

18.7 

19.3 

18.1 

18.8 

19.3 

15.7 

17.6 

16.6 

17 

Yield,  tons 
per  acre 

Per  cent, 
purity 

• 

2499 

1  lb.  8  oz 

16.0 
10.1 

8.6 
12.5 

8  2 
10.1 
8.55 
12.3 
13.3 
10.4 
14.8 
14.6 
11.2 
10.6 
13.7 
16.9 
11.3 
10.3 
12.4 
13.1 
14.2 
12.5 
13.9 
13.3 
12.4 
12.8 
11.6 
11.87 

20 

10 
10 
10 
20 
10 

4 

9 

12  2 
7 

10 
13 
10 
21 
20 

12.5 

84 

2500 

4  lbs 

68.8 

2501  • 

1  lb.  8ii  oz 

62.7 

2502 
2503 
2504 

1  lb.  2  oz 

1  lb.  5  oz 

1  lb.  5  oz 

75 
62 
68.3 

2505 

1  lb.  0  oz 

68.2 

2506 

1  lb.  5.5  oz 

76.3 

2507 
2508 

lib.  2.7  oz 

I  lb.  8  oz 

74.4 
70.3 

2515 

1  lb.  13.2  oz 

86.6 

2516 

1  lb.  1.22oz.  

79.3 

2517 

Oib.  6  oz 

81.3 

2518 

01b.  14.7  oz 

73.3 

2525 

lib.  15  oz 

85.7 

2532 

1  lb.  5  oz 

80.9 

2539 

2  1bs.  5oz 

83.8 

2547 

3  lbs.  0  oz 

•  67.5 

2450 

2  lbs.  0.7  oz 

73 

2551 

I  lb.  3.7oz 

73.7 

2552 

Olb.lloz 

77.2 

2553 

1  lb.  5.5  oz  

72.9 

2554 

1  lb.  4.7oz 

72.3 

2555 

1  lb.  6.7  oz . . .  f 

72,5 

2562 

1  lb.  9.7  oz '. .. 

82.8 

2563 

1  lb.  9  oz 

76.7 

2564 

1  lb.  0  oz 

73.5 

Average 

1  lb.  8,5  oz 

74.2 
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TABLE  OP  CULTURE  NOTES 


U 

O 

2d 

a 
1-^ 


2499 
2500 
2501 
2502 
2503 
2504 
2505 
2506 
2507 
2508 
2515 
2516 
2517 
2525 
2532 
2539 
2547 
2550 
2551 
2552 
2553 
2554 
2555 
2562 
2563 


Co-operating  farmer 


H.  O.  C.  Andrews. 
I.  D.  O'Donnell... 
H.  Schrammeck  . . 

C.  H.  Norton 

J.  R.  Stevens 

G.  F.  Hunter..   .. 

J.  R.  Stevens 

A.  Anderson 

C.  R.  Schurch.... 
M.  Flannigan . .   . . 

C.  E.  Coleman 

D.  Payne 

H.  Buckhouse 

H.  O.  C.  Andrews, 

T.  Koenig 

M.  D.  Root 

J.  A.  Conrey 

H.  Schrammeck. 

J.  B.  Taylor 

Toman  Bros , 

J.  R.  Stevens 

C.  R.  Schurch ... 

J.  R.  Stevens. 

P.  W.  Bradford . . 
A.  Anderson 


Soil 


Black  loam 


River  bottom 


Clay  loam 


Sandy  loam 


Alkali  soil 

Sandy  loam 

Bench  land 

Gravelly  black  loam 
Black  loam 


Gravelly  loam 

Black  sandy  loam 

River  bottom 

Heavy  black,  some  alkali 

Black  sandy  loam 

Clay  loam 

Black  loam 

Clay  loam 

Light  sandy  loam 

Sandy  loam 


Date 
planted 


May 

14 

June  12 

ki 

15 

"  .  10 

kt 

20 

-     20 

I 

10 

it 


24. 
20. 
24. 
28. 
14. 


May  10. 

"     13. 

"    25. 

"     16. 

'*    18. 

-  15. 
June  14 
May  20. 
June  6  . 
May  29. 

''    24. 

"     14. 

'    24. 

"      1. 

"    28. 


Date 
thinned 


June  20 
Julyl 
June  20 
"     20 
July  8 


June  25 
July  3 
June  10 
"     14 
Not  thinned 
June  15 


June  20 

July  10 

June  15 

"     20 

July  8 

June  20 

"     15 

"     20 
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26 


CO 


2499 
2500 
2501 
2502 
2503 

2504 

2505 

2506 

2507 
2508 
2515 

2516 

2517 
2525 
2632 
2539 

2547 
2550 
2551 
2552 
2553 

2554 
2555 

2562 

2563 


TABLE  OF  CULTURE  NOTES.— Continued 


9  ta 


Sept.18 
"  18 
"  21 
"  21 
-  21 


OB 

o 

hi 


18 
24 
24 


m. 
it 


16  in. 


2618 


21 


16 


22 1 18 


"  2528 

'*  281... 
''  28  30 


28  30 


Oct.  1 

'•  3 
10 
16 


22 
26 
24 
22 
26 

26 
26 

29 

29 


18 
20 
20 
20 

20 
24 
24 
30 
16 

28 
16 

32 

18 


Ci 

ii 
li 

t4 
«i 
•  t 

It 
ii 

(k 


I. 


Irrigation 


June  20,  July  25. . 
7       "      7.. 

None 

July  1,  Aug.  1 

June    10,  Aug.  12, 

June  12,  Aug.  15, 
Sept.  1 

June  10.  Aug.  12, 
Sept.  8 

June  21,  July  5, 
July  20,  Aug.  12 

Twice 


June    23,  July    15, 
Aug.  10 


None 

June  20,  July  25. . 

None 

July    1,    Aug.    10, 

Aug.  15 

Twice 


Frequent 

Twice 

June    10,  Aug.  12, 

Sept.  8 

Once  in  June. .. . 
June    10,  Aug.  12, 

Sept.  8 

Not  irrigated 

June    21,  July    5, 
Aug.  12 


Cultivation 


Plowed  8  in.  deep. 
»    12  »'         '    . 

g    u 

None 

Plowed  10  in.  deep 


10 

10 

7 
8 


(t       kt 


ii       Ik 


8  " 
8  " 


8 
8 
6 


tk       t( 

kk  kk 


8  " 
8  " 
8  " 


kk 

Ik 

kk 


Remarks 


Season  unfavorable 

kk  kk 

"       favorable 


"       unfavorable, 
stand  poor 
Season  unfavorable 


kk 


favorable 

fair 

unfavorable 


ik 


Stand  excellent,  season 

unfavorable 
Season  favorable 

unfavorable 


Planted  too  late 
Season  fair 


10 

10 
8 


ik 
ki 


kk 
.1 


10  "      " 
6  " 
No  subsoiling  . . 

Plowed  7  in.  deep, 


ik 


ki 


unfavorable 

fairly  good 
fair 


'*  very  unfavorable 
fair 


favorable 


46 


MONTANA  EXPERIMENT  STATION 


EXPERIMENT  STATION— VARIETY  TESTS. 


Lab. 
No. 

Date 
Harvested. 

Variety. 

• 

.Vverage 
Woi|?ht. 

Per  Ct. 

SugAT 

in  juice 

Per  Ct. 

Soi^ar 

in  beet 

Plat  1 

2493 
2494 
2495 
2496 
2497 
2498 
2r)09 
2510 
2511 
2512 
2513 
2514 
2519 
2520 
2521 
2522 
2523 
2524 
2526 
2527 
2528 
2529 
25.'J0 
2531 
2533 
2534 
2535 
2536 
2537 
2538 
2541 
2542 
2543 
2544 
2545 
2546 
2556 
2557 
2558 
2559 
2560 
2561 

Sept.  19 
"       19 
"      19 
"      19 
"      19 
•'      19 

Sept.  26 

-  26 
"      26 
•'      26 
*'      26 
"      26 

Oct.    3 
'       3 
'       3 

-  3 
•       3 
"       3 

Oct.  10 
*'     10 
"     10 

-  10 
''     10 

-  .10 
Oct.  17 

*'     17 
•'     17 
"     17 
"     17 
"     17 

Oct.  24 
"     24 
"    24 
"    24 
"    24 
"     24 

Oct.  30 
"    30 
*•    30 
*'    30 

-  30 
"    30 

Zehrineen,  No  3942 

14.6  oz. 
14.6  oz. 
12.3  oz. 
14.6  oz. 
15.1  oz. 
12.6  oz. 
15.8  oz. 

14.6  oz. 

14.7  oz. 
lib    2.3  oz. 
lib 

1  lb    2oz. 
1  lb    1.1  oz. 
lib    2.6  oz. 

15.5  oz. 

15      oz. 

14.8  oz. 
lib    3.1  oz. 

14  oz. 
lib    2oz. 

1  lb    3oz. 
lib 

15  oz . 
1  lb    0.3  oz. 

12.3  oz. 
lib    0.6  oz. 
lib 

lib    0.6  oz. 
lib    1.0  oz. 
lib    3     oz. 
1  lb    3     oz. 
1  lb    3.6  oz. 
lib    3.0  oz. 
lib    2.8  oz. 
lib    3.8  oz. 
lib  11.3  oz. 

14.3  oz. 
lib    4.5  oz. 

14.3  oz. 

13.0  oz. 

12.7  oz. 
lib    3.7  oz. 

14.2 
15.5 
15.0 
13.6 
11.7 
12.4 
13.7 
14.2 
12.5 
14.5 
11.8 
11.8 
16.8 
17.0 
15.4 
14.6 
13.1 
13.4 
17.2 
15.7 
14.9 
16.4 
14.7 
15.5 
20.1 
17.1 
17.0 
17.3 
14.6 
15.5 
18.5 
18.4 
17.7 
15.8 
15.7 
14.5 
19.0 
16.8 
17.9 
17.8 
16.5 
16.1 

13.5 

•'    2 
"    3 

Kleinwanzlebener 

Vilmorin 

14.7 
14.3 

"    4 

Strandcs 

12.9 

"     5 

Braune,  No  2885 

11.1 

"    9 

Hoerning 

11.8 

Plat  1 

ZehrinRen,  No  3842 

13.0 

i«    »> 

Kleinwanzlebener 

13.5 

"    3 
"     4 
•'     5 
•'     5 

Strandes    

Braune,  No  2885 

Hoerning 

11.9 
13.8 
11.2 
11.2 

Plat  1 
"    2 
-    3 

Zehringen,  No  3942 

Kleinwanzlebener 

Vil  morin 

16.0 
16.2 
14.6 

o      4 

Strandes 

13.9 

"    5 

Braune.  No  2885 

12.5 

''    6 

HoerninJj 

12.6 

Plat  1 

Zehringen,  No  3942 

16.3 

"    2 

Kleinwanzlebener 

14.9 

"    3 

Vilmorin 

14.2 

u    4 

Standes 

15.6 

''    5 

Braune    No  2885                

14.0 

*•    6 

Hoerning 

14.7 

Plat  1 

Zehringen,  No  3942 

19.1 

»4            O 

Kleinwanzlebener 

16.3 

"     3 

Vilmorin 

16.2 

"     4 

Strandes 

16.4 

'•     6 

Braune,  No  2888 

Hoerning 

13.9 
14.7 

Plat  1 

Zehringer,  No  3942 

17.6 

"    2 

Kleinwanzlebener 

17.5 

•*    3 

Vilmorin  .• 

16.8 

"    4 

Strandes 

15  0 

"    5 

Braune,  No  2885 

14.9 

"    6 

Hoerniner 

13.8 

Plat  1 

Zehringen,  No  3942 

18.1 

"    2 

Kleinwanzlebener 

16.0 

'•    3 

Vilmorin 

17.0 

u    4 

Strandes 

16.9 

"    5 

Braune,  No  2885 

15.7 

"    6 

Hoerning 

15  3 
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EXPERIMENT  STATION— Variety  Testa  Continued. 


Luby. 

Per  Ct.  Total 

No. 

Solids  in  Juice 

Purity. 

2493 

17.9 

79.3 

2494 

18.9 

82. 

2495 

18.5 

81.1 

2496 

18.0 

75.6 

2497 

15.3 

77.1 

• 

2498 

17.8 

69.7 

2509 

17.1 

80.1 

2l4>10 

17.7 

80.2 

2511 

16.1 

71.4 

2512 

18.1 

80.1 

2513 

15.3 

77.1 

2514 

15.5 

76.1 

2519 

20.1 

83.6 

2520 

20.3 

83.7 

2521 

19.5 

79. 

^ 

2522 

18.0 

81.1 

2523 

16.9 

77.5 

• 

2524 

16.9 

79.3 

2526 

21.1 

81. 

2527 

20.1 

78.1 

2528 

18.3 

81.4 

2529 

19.9 

82.4 

2530 

18.2 

80.8 

2531 

18.8 

82.4 

2533 

22.7 

88.1 

2534 

20.1 

85.1 

2535 

19.7 

86.3 

2536 

19.8 

87.3 

2537 

18.1 

80.6 

2538 

18.4 

84.2 

2541 

21.7 

85.2 

2542 

21.4 

85.9 

2543 

21.2 

as. 5 

2544 

19.0 

83.2 

2545 

19.0 

82.6 

2546 

17.9 

81.0 

2566 

21.3 

89.2 

2557 

19.4 

86.6 

2558 

20.9 

85.6 

2559 

20.8 

85.6 

2560 

20.2 

81.6 

2561 

19.4 

82.9 
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VARIETY  TESTS.    EXPERIMENT  STATION.    CULTURE  NOTES. 


Plat  1 


*i 


'*    3 


"    5 


"    6 


Variety 


13 

a 

CO 


Zehringen,  No. 
3942 


May  26 


Klein  wanzlebener, 


Vilmorin 


Strandes    Klein 
wanzlebener  . . 


Braune.  No.  2885. 


Hoerning  improv 
ed  Kleinwanzle- 
bener  


(( 


Irrifcated 


Thinned 


July  3  and  4  about,  June  1  and  15  Stand  very 


Yield 


3  in.  deep;  Aug. 

1,  2  in.  deep 

26|July  5  and  4  aboutjJune  1  and  15 
I    3  in.  deep;  Aug. 

1,  2  in.  deep | 

29  July  3  and  4  about  June  1  and  15 

3  in.  deep;  Aug.' 

1,  about2in.deep| 


29 


July  3  and  4  aboutiJune  1  and  15 


3in,deep;  Aug.  1, 
I    about  2  in.  deep 
29  July  3  and  4  about 
3  in.  deep;  Aug.  1, 
about  2  in.  deep 


29  July  3  and  4  about 
3in.  deep;  Aug.  1, 
about  2  in.  deep 


June  1  and  15 


June  1  and  15 


good,  1872 
lbs. 

1992  lbs.,  stand 
very  good 

1632  lbs., stand 
only  fair 


1368  lbs.,  stand 
only  fair 

892  lbs.,  stand 
only  fair 


1392  lbs.,sUnd 
only  fair 


EXPERIMENT  STATION  TESTS 

Effects  of  Degree  of  Maturity  on   Weight,  Richness  and  Purity  of  Beets.    All 

Varieties  Averaged  Together 


Date 
harvested 

Ayerage 
weight 

Average  per 

cent,  sugar 

in  juice 

Average  per 

cent,  sugar  in 

beets 

Average  of 

total  solids 

in  juice 

Average 

purity, 

per  cent. 

Sept.  19 

"     26 

Oct.   3 

"    10 

'*    IT 

-    24 

"    30 

13.9  oz 

16.2  "  

16.6  "  

16.4  "  

16.3  "..'.... 

20.4  " 

15.7  '' 

13.7 

13.1 

15.0 

15.7 

16.9 

16.7 

17.3 

13.0  oz 

12.4  "  

14.3  *' 

14.9  " 

15.9  "  

15.8  '• 

16.4  -  

17.7 

16.6 

18.6 

19.4 

19.8 

20.0 

20.3 

77.4 

77.5 

80.7 

81.0 

85.3 

83.6 

85.3 
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EXPERIMENT  STATION.    VARIETY  TESTS.    VARIETY  AVERAGES. 


Date 
harvested 


Zehringen, 
No.  394a 

Sept.  19 

"      26 

Oct.    3 

''    10 

"    17 

•*    24 

'•    30 

Totals 

Averages . . 

Klein  wall  z- 
lebener 

Sept.  19 

"      26 

Oct.    3 

'•     10 

"    17 

"    24 

''    30 

Totals 

Averages , . 

Vllmorin 

Sept.  19 

"      26 

Oct.    3 

"    10 

"    17 

"    24 

**    30 

Totals 

Averages . . 


Averagre 
weight 


107.1  oz 
15.3  " 


.Vverage  per 

cent,  sugar 

in  juice 


14.6  oz 

15.8  " 

17.1  " 

14.0  " 

12.3  " 

19.0  " 

14.3  '' 


14.6    oz 

14r.6         ' 

i 

18.6     ' 

1 

18. 

u 

16.6 

n 

19.6 

It 

20.51 

u 

122.5  c 

>z 

17.5  • 

k 

12.3    c 

>z 

14.7 

i 

15.5 

H 

19. 

t» 

16. 

It 

19.        ' 

t 

14.3 

>i 

110.8  c 

>z 

15.8  ' 

i 

119.6. 
17.1, 


15.5 
14.2 
17.0 


Average  per 

cent,  sugar  in 

beets 


14.2 13 

13.7 

16.8 

17.2 

20.1 

18.5 

19.1 


J.l.\/... 

15.7 

17.1 

18.4 

16.8 

114.7 

16.4 

15  

12.5 

15.4 

14.9 

17 

17.7 

17.9 

110.4 

15.8 

14.7. 
13.5. 
16.2. 
14.9, 
16.3 
17.5. 
16.0. 


109.1, 
15.6 


14.3. 
11.9. 
14.6. 
14.2. 
16.2, 
16.8, 
17.0, 


105.0. 
15.0. 


Average  of 

total  solids 

in  juice 


13.5 

13.0 

16.0 

16.3 

19.1 

17.6 

18.1 

113.6 

16.2 

Average 

purity, 

per  cent. 


17.9. 
17.1. 
20.1. 
21.1, 
22.7. 
21.7. 
21.3. 

141.9 
20.2 


79.3 

80.1 

a3.6 

81... 

88.1 

85.2 

89.2 


586.5, 
83.8. 


18.9... 
17.7... 
20.3... 
20.1... 
20.1... 
21.4... 
19.4... 

137.9.. 
19.7.. 

18.5... 
16.1... 
19.5... 
18.3... 
19.7... 
21.2... 
20.9... 

134.2.. 
19.2.. 


82.... 
80.2.. 
83.7.. 
78.1.. 
a5.1.. 
85.9.. 
86.6., 

581.6. 

as.i, 


81.1.. 

71.4  . 

79.0.. 

81.4. 

86.3.. 

86.5.. 

85.6.. 

568.3, 
81.2. 
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MONTANA    EXPERIMENT  STATION 


VARIETY  AVERAGES.— Concluded. 


Dace 
harvested 


Strandes 

Sept.  19. 

"      26., 
Oct.    3... 

•'    10... 

"    17... 

"    24... 

'•    30... 


Totals 

Averages . . 

Braune,  No. 

3885 

Sept.  19 

"      26 

Oct.    3 

"    10 

"    17 

"    24 

"    30 


Ayeraere 
weifl^ht 


14.6    oz 

18.3     " 

15.0     "  

16.0     '• 

16.6     " 

18.8     ".... 
13.0     " 

■  • 

112.3  oz.... 
16.0  "  .... 

• 

15.1 

16. 

14.8 

15. 

17. 

18.8 

12.7 


oz 

it 


Totals 109.4  oz 

Averages  . .    15.6  "  . 


Hoerning 

Sept.  19.. 

''      26.. 

Oct.    3... 

10... 

17... 

24... 

30... 


tk 


Totals 

Averages . 


12.6 

18. 

19.1 

16.3 

19. 

27.3 

19.7 


oz 
ti 


132.0  oz 
18.8  " 


Average  per 

cent,  sugar 

in  juice 


13.6. 
14.5. 
14.6. 
16.4. 
17.3. 
15.8. 
17.8. 

110.0 
15.7 


11.7, 

11.8 

13.1, 

14.7. 

14.6, 

15.7, 

16.5 


98.1. 
14.0 


12.4 

11.8, 

13.4 

15.5 

15.5. 

14.5, 

16.1. 


99.2 
14.2 


Average  per 

cent,  sugar  in 

beets 


12.9.... 
13.8.... 

If)  .  V  .   .   .   . 

15.6.... 
16.4.... 
15.0.... 
16.9.... 


104.5. 
14.9. 


11.1. 
11.2. 
12.5. 
14.0. 
13.9. 
14.9. 
15.7. 


93.3 
13.3 


11.8, 

11.2 

12.6, 

14.7. 

14.7. 

13.8. 

15.3. 


94.1 
13.4 


Average  of 

total  solids 

in  juice 


18... 
18.1. 
18.0. 
19.9. 
19.8. 
19.0. 
20.8. 

133.6 
19.1 


15.3.. 
15.3.. 
16.9.. 
18.2.. 
18.1.. 
19.0.. 
20.2.. 

mTo^ 

17.6. 

17.8.. 
15.5.. 
16.9., 
18.8.. 
18.4.. 
17.9.. 
19.4.. 

124.7. 
17.8. 


Average 

purity, 

per  cent. 


75.6.. 
80.1.. 
81.1.. 
82.4.. 
87.3.. 
83.2.. 
85.6.. 

575.3. 
82.2. 


77.1. 
77.1. 
77.5. 
80.8. 
80.6. 
82.6. 
82.9. 


558.6, 
79.8. 


69.7. 
76.1. 
79.3. 
82.4. 
84.2. 
81.0. 
81.9. 


559.6. 
80.0 
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EXPERIMENT  STATION.    VARIETY  TESTS.— Season  of  1901. 


1805 
1831 
1832 
1833 
1834 
1835 
1836 
1837 
1838 
1842 
1843 
1844 
1845 
1848 
1847 
1848 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1966 
1967 
1968 
1969 
1970 
1971 
1972 


Variety 


Miscellaneous 

Kleinwanzlebener,  No.  5770 

Utah  Seed 

Zehringen,  No.  3942 

Braune,  No.  2885 

Kleinwanzlebener  Dippe,  No.  3944. , 
Kleinwanzlebener  Russia,  No.  3943  . 

Vilmorin 

Unknown  variety 

Kleinwanzlebener  No.  5770 

Utah  Seed 

Zehringen,  No.  3942 

Braune,  No.  2885 

Kleinwanzlebener  Dippe,  No.  3944. . 
Klein wauzlebener  Russia,  No.  3943. 

Vilmorin 

Kleinwanzlebener,  No.  5770 

Utah 

Zehringen,  No.  3942 

Braune»  No.  2885 

Kleinwanzlebener  Dippe,  No.  3944. . 
Kleinwanzlebener  Russia,  No.  3743 

Vilmorin 

Kleinwanzlebener.  No.  5770 , 

Utah 

Zehringen,  No.  3942 

Braune.  No.  28a5 

Kleinwanzlebener  Dippe,  No.  3944. . 
Kleinwanzlebener  Russia,  No.  3943. 

Vilmorin 

Kleinwanzlebener,  No.  5770 

Utah : 

Zehringen,  No.  3942 

Braune,  No.  2885 

Kleinwanzlebener  Dippe,  No.  3944. , 
Kleinwanzlebener  Russia,  No.  3943 , 
Vilmorin 


I 

Sugar 
in  juice 

Sugar 
in  beet 

Purity 
Coef. 

20.00 

16.8 

15.96 

84.44 

24.8 

15.8 

15.3 

81.00 

25.4 

16.5 

15.67 

85.5 

16.8 

15.6 

14.82 

88.2 

23.00 

16.1 

15.19 

83.3 

19.6 

16.3 

15.58 

82.02 

23.4 

15.00 

14.25 

78.00 

20.2 

15.8 

15.01 

79.7 

20.4 

16.6 

15.77 

85.5 

20.5 

16.1 

15.29 

76,3 

21.00 

17.9 

17.00 

87.5 

22.00 

15.9 

15.10 

74.6 

20.00 

17.7 

16.71 

82.3 

19.00 

19.5 

18.52 

88.6 

18.00 

17.6 

16.72 

86.1 

26.5 

14.00 

13.3 

72.9 

25.5 

17.0 

16.15 

86.00 

17.00 

18.5 

17.57 

84.9 

15,5 

18.3 

17.38 

&3.3 

16.5 

18.5 

17.57 

86.3 

14.00 

19.1 

18.14 

90.5 

14.5 

18.6 

17.67 

88.5 

17.00 

19.2 

18.24 

87.6 

15.00 

18. 4 

17.48 

82.9 

18.00 

19.3 

18.33 

86.1 

14.66 

20.00 

19.00 

87.00 

16.66 

19.9 

18.9 

87.6 

18.66 

18.3 

17.38 

85.9 

14.66 

18.2 

17.29 

86.6 

17.00 

17.9 

17.00 

84.00 

20.8 

17.90 

17.00 

81.8 

17.4 

20.10 

19.05 

85.00 

20.00 

19.70 

18.76 

85.5 

21.00 

19.70 

18.74 

87.00 

23.00 

19.50 

18.46 

88.00 

19.00 

19.30 

18.35 

87.5 

22.00 

17.97 

17.01 

86.00 

•2>  m 

fig: 


Sept.l9 
-    28 


It 


Oct. 


(k 


it 
(t 
»t 


it 

ii 


ti 
ti 
II 
ti 
II 
ii 
It 
ii 
It 


28 
28 
28 
28 
28 
28 
28 
5 
5 
5 
5 
5 
5 
5 
12 
12 
12 
12 
12 
12 
12 
19 
19 
19 
19 
19 
19 
19 
26 
26 
26 
26 
26 
26 
26 


1 
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AVERAGES    OP  ALL  TESTS.    EXPERIMENT  STATION.— Season  of  1901 


Variety 


Klein wanzlebener,  No.  5770 

Utah 

Zehringen.  No.  3942 

Braune,  No.  2885 

Kleinwanzlebener  Dippe,  No.  3944. 
Kleinwanzlebener  Russia,  No.  3943 
Vilmorin 

General  average 


••r  0 
<  ^ 


21.32 

19.76 

17.8 

19.43 

18.85 

17.91 

20.5 


19.37 


bed  « 

M  p  « 
—  ft 


17.04 
18.44 
17.91 
18.38 
18.53 
17.75 
17.13 


17.88 


(8  ®  O 

CO  a  $ 
■.^  ft 


16.31 
17.51 
17.01 
17.42 
17.61 
16.85 
16.27 


16.98 


Purity 
Coef. 

Tons  per 
acre 

81.6 

13.5 

85.8 

11.7 

as.  7 

11.45 

a5.3 

10.5 

87.00 

10.4 

85.3 

9.25 

84.00 

9.5 

84.9 

10.9 

C0    A 
OB  CS 

3^ 


4403 
4007 
3895 
3658 
3662 
.3117 
3091 


3690 


AVERAGES    FOR    SUCCESSIVE    DATES.    EXPERLMENT    STATION. 

Season  of  1901 


9*» 

-*2      © 

• 

^A 

fl  t:  S 

a  »- © 

fl^ 

Date 

©  es  © 

©•♦* 

22 

u  S*-» 

^  !=^  a 

h  0 

^  ^ 

®  CO   p 

©  ".2 

«  ft 

<! 

Pl4        '^ 

Plh 

Pm 

Sept.  28.... 

21.7    oz 

15.96 

15.20 

82.90 

October  5. . 

21.0     " 

16.96 

16.13 

81.19 

•'      12.. 

17.14  " 

18.46 

17.53 

86.73 

"      19. . 

16.38  - 

18.86 

17.92 

85.73 

-      26.. 

20.45  '' 

19.18 

18.25 

85. as 
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RESULTS  IN   1901.— CLARK'S  FORK  VALLEY.— BRIDGER  AND  GEBO. 

The  *  indicates  that  the  P.  O.  address  is  Gebo;    the  address  of  all  others  is 
Bridger. 


hi 

Id 


1850 
1854 
1881 
1889 
1891 
19a3 
1907 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1950 


Name 


St 


P.R.  Miller* 8.8 

C.  F.  Sexton 29.00 

A.  E.  Parker 31.5 

William  Barclay 14 . 7 

James  Barclay 19. 43 

CM.  Larkin 10.8 

W.  H.  Bostic 24.9 

C.  H.  Bostic 9.4 

W.  F.  Gibson 35.5 

Lucy  H.  Smith |28.00 

Hugh  Morrow 26.5 

R.  B.  Teesdale 

E.  T.  Bostic 28.50 

J.  R.  Stevens 55.0 

S.  H.  Mendenhall 14 .8 

Thomas  Barnett 20.8 

A.  G.  Duffield 32.00 

L.  G.  Preno 24.5 

F.  O.  Jennings 31.00 

B.  F.  Bayler 33.00 

Richard  Barrows 25.5 

I.  A.  GoflF* 11.6 

F.  E.  Stevens 21.00 

Frank  Hiser 9.2 

E.  D.  Lovegreen 14.33 

E.  T.  Preuitt 18.66 

W.  A.  Cowan* 21 .00 

E.  Cowan 15.4 

N.Webber 18.6 

C.  M.  Laughery 17 . 5 

T.  E.Stearns 18.66 

R.  A.  Duncan  t 25.00 


08.2 
eaC0 

CO  a 


17.1 

15.9 

14.3 

16.2 

21.3 

16.88 

19.5 

15.5 

18.00 

20.1 

19.7 

18.8 

21.9 

14.81 

18.11 

16.5 

17.8 

17.9 

17.6 

22,7 

18.6 

13.4 

16.00 

19.3 

16.3 

19.1 

16.8 

19.8 

18.7 

19.9 

14.7 

17.7 


P 


16.22 

15.10 

13.58 

15.39 

20.23 

16.00 

18.52 

14.72 

17.1 

19.09 

18.71 

17.86 

20.8 

14.06 

17.2 

15.67 

16.9 

17.00 

16.7 

21.56 

17.67 

12.73 

15.20 

18. as 

15.48 
18.14 
15.96 
18.81 
17.76 
18.90 
13.96 
16.8 


Purity 
Coef. 

Tons  beets 
per  acre 

u 

«  cd 

79.9 

6.5 

2108 

80.3 

25.00 

7552 

69.4 

9.00 

2444 

78.2 

12.00 

3695 

82.88 

20.00 

8092 

80.00 

78.3 

20.00 

7408 

67.1 

74.4 

24!  66' 

8208 

83.7 

20.00 

7636 

74.5 

15.00 

5613 

85.4 

25.00 

8930 

88.3 

77.4 

15.00 

4218 

83.8 

20.00 

6880 

80.00 

12.00 

3760 

83.00 

25.00 

8450 

79.6 

20.00 

6800 

75.00 

85.3 

••»■•■• 

82.00 

20.00 

7068 

74.44 

12.00 

3055 

82.05 

25.00 

7600 

84. a5 

15.00 

5499 

77.94 

15.00 

4644 

86.80 

20.00 

7256 

80.00 

90.00 

20.00 

7524 

86.12 

88.83 

20.00 

7560  ' 

76.96 

80.00 

t  p.  O.  address  is  Rockvale. 
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RESULTS  IN  1901.— BITTER  ROOT  STOCK  FARM.— HAMILTON. 

MONTANA 


k 


1855 
1856 
ia57 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 


Locality 


Hamilton  Ranch,  No.  1 

Hamilton  Ranch,  No.  2 

Hamilton  Ranch,  No.  3. . . ; 

Hamilton  Ranch.  No.  4 

Gilchrist  Ranch,  No.  1 

Gilchrist  Ranch,  No.  2 

Prendergast  Ranch,  No.  1 

Prendergast  Ranch,  No.  2 

Lower  Ward  Ranch,  No.  1 

Lower  Ward  Ranch,  No.  2 

Upper  Ward  Ranch,  No.  1 

Ravalli  Ranch 

Corvallis  Ranch 


.s 

Average 
weight  in 

Sugar 
in  Juice 

Sugar 
in  beet 

17  8 

2C.1 

19.09 

16.6 

19.3 

18.33 

15.2 

20.1 

19.9 

8.8 

21.1 

20.04 

11.00 

20.6 

19.57 

11.6 

22.00 

20.9 

11.8 

19.8 

18.81 

13.6 

22.1 

20.99 

13.00 

21.1 

20.04 

12.4 

20.8 

19.76 

13.4 

20.3 

19.28 

13.00 

20.2 

19.19 

15.6 

20.4 

19. ;« 

2. 


I 


§& 


18.9 

13.6 

22.00 

12.7 

18.4 


20.00 

18.00 

18.3 

14.00 

12.00 

14.6 

25.6 


«3    (Q 


^S 


7216 
4985 
8756 
5090 
7201 


7524 
7556 
7334 
5532 
4627 
5603 
9922 


LOCALITY  AVERAGES  FOR  1901 


Locality 


Cascade  County  (1) 24.5 

Yellowstone  County 35.66 

Flathead  County 16.45 

Valley  County  (1) 19.40 

Park  County  (2) 19.5 

Custer  County  (1) 16.00 

Dawson  County  (1) 18.6 

Powell  County 21.9 

Fergus  County 17.00 

Jefferson  County |23.00 

Carbon  County  (3) '29.2 

16.7 

16.8 

22.88 

13.37 

19.37 

22.7 


N 

(ad 


Missoula  County 
Ravalli  County  (4)  . . . . 

Gallatin  County  (5) 

Bitter  Root  Stock  Farm 

Experiment  Farm 

Clark's  Fork  Valley 


CO*.H 

X  a 


16.25 

10.50 

18.9 

15.2 

16.66 

18.4 

14.00 

15.6 

15.4 

13.50 

13.9 

17.3 

17.8 

15.46 

20.60 

17.88 

17.84 


es  u 
te.2 
0  „ 


15.4 
10.00 

17. ao 

14.43 

15.94 

17.5 

13.3 

14.86 

14. as 

12.82 

13.2 

16.46 

16.96 

14.68 

19.64 

16.98 

16.97 


75.4 

62.6 

82.24 

82.7 

73.07 

78.00 

76.5 

81.8 

71.6 

83.00 

66.5 

83.00 

82.45 

78.9 

87.46 

84.9 

80.5 


n 


25.00 


12.8 

20.00 

20.5 


31.00 
16.5 
10.9 
18.00 


cs  o 

*    %m 


8075 


4520 
5968 
6498 


9332 
6771 
3690 
6174 


(1).  One  lot  only. 

(2).  One  locality  only. 

(3).  Excluding  Clark's  Fork  Valley. 

(4).  Excluding  Bitter  Root  Stock  Farm. 

(5.)  Excluding  Experiment  Farm. 
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On  the  whole  the  results  of  the  experiments  in  1903  are  unsatis- 
factory. This  view  is  forced  upon  one  after  a  study  of  the  results  in 
preceding  years,  especially  those  of  the  year  1901,  some  of  which  are 
included  in  this  bulletin  for  comparison  with  the  work  of  the  past 
season. 

These  results  are  due  largely  to  the  fact  that  even  less  interest 
than  usual  has  been  given  to  the  culture  of  beets  during  the  past  year. 
This  lack  of  interest  is  due  mainly  to  the  fact  that  notwithstanding  the 
excellent  results  obtained  in  the  past,  no  market  for  beets,  through  the 
establishment  of  a  factory  in  Montana,  has  yet  been  made,  and  in  con- 
sequence beets  have  received  but  scant  attention, 

It  is  said  that  "figures  speak  for  themselves,"  and  certainly  the 
results  presented  show  that  under  proper  attention  Montana  can  hold 
its  own  as  a  beet  sugar  producing  state. 

With  the  figures  presented  for  many  years  past  by  the  Montana 
Experiment  Station,  why  is  it  that  we  are  not  producing  our  own 
sugar? 

I  am  indebted  to  "Beet  Sugar  Points,"  and  to  articles  by  Mr. 
Thomas  Tonge  for  much  of  the  matter  of  a  general  nature  introduced 
into  this  bulletin,  to  Prof.  Linfield,  Agriculturist  of  the  Station,  for 
supervision  of  the  variety  tests,  and  to  Mr.  Edmund  Burke,  assistant 
chemist,  for  the  analytical  work  on  all  the  beets  submitted. 

For  additional  information  concerning  results  obtained  in  Mon- 
tana in  former  years,  readers  of  this  bulletin  are  referred  to  Bulle- 
tins 19,  33  and  41  of  the  Montana  Experiment  Station. 
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CREAMERIES  AND  CHEESE  FACTORIES 


THEIR  ORQANIZATION,  BUILDING  AND  EQUIPMENT. 


Dairying  can  scarcely  be  said  to  be  an  industry  in  Montana, 
though  the  natural  facilities,  climate,  soil,  water  and  feed,  as  well  as 
the  market,  are  very  favorable  indeed.  Montana  probably  offers  as 
good  prices  for  dairy  products  as  any  state  in  the  Union  and  very 
much  bettet  than  most  of  the  states,  yet  there  are  millions  of  pounds 
of  butter  and  cheese  imported  into  the  state  annually.  There  are 
probably  several  reasons  for  this.  As  a  rule  the  farms  in  Montana 
are  large  and  much  hired  help  has  to  be  depended  upon.  The  suc- 
cessful herd  requires  the  careful  supervision  of  the  owner  which 
is  generally  possible  only  on  the  smaller  farms.  Montana  farms  are 
productive  and  her  farmers  have  been  content  with  the  smaller  re- 
turns rather  than  undertake  the  more  exacting  demands  of  dairy 
work.  The  profitable  dairy  herd  produces  milk  the  year  round  and 
some  of  the  cows  have  to  be  milked  365  days  in  the  year,  morning 
and  evening.  Though  the  income  is  substantial  many 
will  not  try  to  increase  it  at  the  cost  of  the  extra  tax  on  their  tim^ 
and  attention.  1     ^ 

That  the  dairy  industry  may  be  attended  with  marked  success 
in  Montana,  there  is  ample  evidence  to  prove.  A  dairy  herd  in  the 
Gallatin  valley  last  year  returned  its  owner  $65  from  each  cow. 
The  feed  at  market  prices  cost  not  to  exceed  $30  for  each  cow.  On 
this  basis,  by  sellinj^  the  feed  to  the  cows  the  returns  of  the  farm 
were  more  than  doubled  as  compared  to  selling  the  crop  off  the 
farm.  These  returns  indicate  a  good  dairy  herd,  but  that  is  the  only 
kind  with  which  a  person  should  attempt  the  business. 
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ADVANTAGES   OF   DAIRYING. 

When  we  consider  that  the  value  of  the  dairy  products  in 
the  United  States  amounts  to  the  enormous  sum  of  four  hundred 
and  fifty  million  dollars  each  year,  we  see  at  once  that  it  is  one  of 
the  largest  branches  of  agriculture.  Its  advantages  to  those  en- 
gaging in  it  are  man  v.  In  the  first  place  it  is  a  cash  business  and  also 
a  business  from  which  there  is  a  little  ready  money  coming  in  lall  the 
year  round,  which  is  infinitely  better,  both  for  the  farmer  and  the 
ftierchant,  than  having  one  to  two  pay  days  a  year,  for  instance, 
Ivhen  the  grain  is  threshed  and  drawn  to  market,  or  live  stock  sold. 
Another  point  is  that  it  gives  employment  all  the  year  round.  Just 
think  of  ~he  exclusive  grain  growing  practice  for  a  moment  and 
note  how  all  the  w^rk  of  the  year  is  rushed  into  a  few  weeks  in  the 
hottest  part  of  the  summer,  when  it  is  almost  impossible  to  get 
competent  help.  Right  there  is  where  the  dairy  industry  is  a  boon 
to  the  farmers'  sons.  It  gives  them  something  that  pays  well  for 
their  time  and  employment  all  the  year  round.  In  other  words,  it 
keeps  the  farmer  and  his  family  busy.  They  do  not  need  to  seek 
employment  in  the. city.     It  keeps  the  boy  on  the  farm. 

Another  advantage  of  the  dairy  industry  for  Montana  is  that 
there  are  not  long  freight  hauls  to  market.  There  is  an  unlimited 
market  right  at  home,  with  prices  for  butter  and  cheese  that  excel 
those  of  almost  any  other  state  in  the  Union.  In  addition  there  is 
a  fine  climate,  pure  water,  and  as  good  feed  as  cam  be  grown  any- 
where. All  these  are  prime  essentials  for  high  quality  butter  and 
cheese. 

One  of  the  questions  that  we  generally  meet  with  is,  "What  is 
the  use  of  starting  a  creamery  to  make  more  butter,  when  we  can- 
not find  a  market  for  that  which  we  are  making  on  our  ranches 
now?"  The  reason  that  a  ready  market  canpot  be  found  for  the 
ranch  butter  is  simply  because  it  is  hard  to  find  any  two  lots  of  but- 
ter in  a  community  that  are  exactly  the  same  in  every  respect.  But 
where  all  the  farmers  bring  their  cream  or  milk'  to  a  central  plant, 
and  have  a  skilled  butter  or  cheese  maker  turn  out  a  uniform  arti- 
cle, there  is  not  the  least  difficulty  in  disposing,  right  in  our  own 
state,  of  all  the  butter  and  cheese  that  fifty  plants  could  turn  out. 
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CAUTION. 

We  do  not  wish  for  a  moment  to  give  only  the  bright  side  of 
the  dairy  industry,  tor  there  is  a  "work"  side  also.  It  is  just  like  any 
other  business.  To  make  money  out  of  it  requires  care  and  at- 
tention. 4 

It  requires  care  and  selection  in  handling  the  cows,  care  in  the 
feeding,  care  in  the  handling  of  the  milk,  and  care  over  all  these 
things  for  twelve  months  in  the  year. 

But  there  is  no  other  branch  of  farm  work  that  will  pay  better, 
for  the  care  and  attention  you  give  it,  than  the  dairy  business.  Far 
better  than  selling  the  farm  crops  at  the  prevalent  market  prices, 
sell  them  through  the  cow  and  the  milk  pail,  and  you  will  realize 
just  double  market  prices  for  your  crop. 

The  creamery  or  cheese  factory  business  like  any  other  manu- 
facturing business,  requires  a  certain  amount  of  raw  material  before 
the  plant  can  be  run  successfully.  A  lack  in  the  milk  supply  is  per- 
haps the  cause  of  more  new  creameries  failing  than  any  other. 
The  first  thing  in  starting  a  factory  therefore  is  to  find  out  if  there  is 
sufficient  milk  with  which  to  keep  the  plant  running  the  year  round. 
Those  interested  must  have  an  absolute  guarantee  of  the  milk  from 
300  cows  ^cr  a  creamery  and  150  to  200  for  a  cheese  factory,  with 
prospects  that  this  number  will  be  increased  as  rapidly  as  possible 
in  the  near  future.  If  the  milk  from  about  this  number  of  cows  can- 
not be  guaranteed  it  will  be  good  business  to  let  the  creamery  pro- 
ject rest  for  a  time.  No  creamery,  however  well  equipped  or  managed, 
can  make  any  money  for  its  owners  or  patrons  with  but  one  to 
two  thousand  pounds  of  milk  a  day. 

When  the  farmers  own  the  plant  and  enter  into  a  written  con- 
tract with  each  other  to  supply  the  milk  from  the  requisite  number 
of  cows,  under  good  management  the  factory  cannot  fail  to  succeed. 

Becau'^e  of  the  above  facts  and  of  the  large  number  of  mqiiiries 
that  are  coming  into  the  office,  with  reference  to  the  building  and 
equipping  of  creameries  and  cheese  factories,  it  was  thoug^ht  advis- 
able to  prepare  this  bulletin,  which  we  trust  may  be  Uiief'i!  to  those 
who  are  thinking  of  erecting  such  plants. 
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Plans  and  specifications  are  given  for  an  up-to  dale  creamery 
and  cheese  factory,  and  also  complete  lists  of  machinery  for  both. 
These  plans  we  have  found  after  ten  years  of  practical  work  in  such 
plants  to  be  well  adapted  for  the  purpose,  and  not  only  that,  but 
every  article  mentioned  is  necessary  for  the  successful  opera- 
tion of  either  planr. 

In  the  descriptions  which  follow  the  object  has  been  to  give 
clear  and  condens«*d  plans  and  specifications,  and  also  a  complete 
list  of  machinery  for  an  up-to-date,  thoroughly  equipped  butter  and 
cheese  factory. 

On  the  following  pages  will  be  found  plans  for  what  we  consid- 
er a  model  creamery  and  cheese  factory.  These  plans  combine  the 
best  points  of  several  creameries  and  cheese  factories.  Blue  prints 
of  these  plans  may  be  had  on  application  to  the  Station. 

ORGANIZATION  OF  CREAMERIES  OR  CHEESE 
(  FACTORIES. 

If  the  required  number  of  cows  are  found,  within  the  pre- 
scribed limits,  the  next  thing  is  organization. 

Montana,  Minnesota,  North  and  South  Dakota  have  laws  which 
should  be  followed  in  forming  corporations.  The  best  plan  is  to 
have  some  attorney  draw  up  the  necessary  corporation  papers,  if 
you  desire  to  incorporate. 

The  laws  of  the  state  of  Montana,  however,  permit  the  organi- 
zation of  cooperative  creameries  and  cheese  factories  without  the 
necessity  of  incorporating.  Any  attorney  can  draw  up  the  necessary 
agreement,  or  you  will  find  elsewhere  in  this  bulletin  a  copy  of 
agreement,  constitution  and  by-laws,  that  are  recommended. 

FORM  YOUR  OWN  ORGANIZATION. 

By  all  means,  however,  form  your  own  organization,  and  do 
not  be  led  by  the  c.cfent  of  any  creamery  supply  house  into  a  plan 
whereby  he  organizes  you  into  a  company,  builds  your  creamery^ 
equips  it  and  turns  it  over  to  you  in  complete  running  order.  This 
is  the  rock  on  which  most  of  the  creameries  that  have  failed  have 
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split.  The  agricultural  and  dairy  papers  have  for  years  been  teem- 
ing with  exposures  of  this  swindle  of  ready  built  creameries;  but 
every  year  seems  to  find  a  new  crop  of  people  ready  to  bite.  And 
the  conseq-icnce  i^  the  country  is  dotted  with  expensive  worthless 
creameries  standing  idle. 

The  leading  creamery  supply  houses  do  not  undertake  to  organ- 
ize and  build  a  creamery.  Their  business  is  to  furnish  the  machin- 
ery only,  but  there  are  one  or  two  houses  that  have  agents  con- 
stantly going  through  the  countiy  offering  to  work  up  a  creamery 
company  in  any  n«iighborhood,  soliciting  stock  and  getting  up  the 
articles  of  incorporation,  building  the  creamery  and  equipping  it 
and  tumin;2^  it  over  to  an  association  of  farmers  at  a  given  price. 

This,  of  course,  seems  like  a  very  nice  way,  as  it  relieves  the 
members  of  the  creamery  association  of  all  the  preliminary  work 
and  the  organization  of  the  creamery,  but  you  can  rest  assured  no 
one  is  going  to  do  this  work  for  nothing,  and  no  outside  parties 
can  do  this  as  cheaply  and  effectively  as  you  can  do  it  yourselves. 

When  any  man  comes  along  offering  to  organize  a  creamery- 
company,  solicit  stock,  draw  the  papers,  build  the  building,  and 
equip  it,  turning  it  over  to  you  a  ready  built  creamery,  and  taking  all 
the  work  of  organization  off  your  hands,  look  with  suspicion  upon 
the  project.  He  isn't  working  for  his  health,  but  is  doubtless  draw- 
ing a  big  salary  to  do  work  you  can  just  as  well  do  yourselves.  No 
outside  company  can  go  into  a  neighborhood  and  spend  the  time 
necessary  to  work  jp  a  company,  build  and  equip  a  creamery,  pay 
salaries,  traveling  expenses  and  hotel  board  for  nothing,  and  they 
usually  get  a  good  large  profit  on  top  of  the  expenses  made.  There- 
fore, we  repeat,  form  your  own  organizatioUy  and  build  the  cream-- 
erjr  yourselves. 

Keep  your  business  in  your  own  hands  and  don't  sign  away  your 
rights  to  organize  and  build  your  own  business  and  give  the  benefit 
of  what  profit  there  may  be  in  it  to  others. 

HOW   TO' RAISE   THE   MONEY. 

The  Old  plan  for  building  factories  was  for  each  patron  to  take 
one  or  more  shares  of  stock,  paying  the  cash  for  them.     In  many 
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instances  it  has  bc^n  found  difficult  to  raise  the  money  under  this 
plan,  as  many  desirable  patrons  were  unable  to  raise  the  amount 
of  cash  required  to  build  and  equip  the  plant. 

To  overcome  this  difficulty  a  plan  was  devised  which  has  been 
used  by  a  great  tnany  companies  with  very  satisfactory  results. 
This  plan  is  as  follows :  Let  each  patron  of  the  proposed  creamery 
sign  an  agreement  similar  to  that  drawn  on  page  68  marked  "Or- 
ganization Agreement,"  signing  his  name  and  the  number  of  cows 
he  will  agiee  to  milk  for  the  creamery  or  cheese  factory. 

You  will  notice  this  agreement  provides  for  borrowing  the 
amount  of  money  necessary  to  build  the  creamery,  and  that  each 
person  signing  the  agreement  agrees  to  be  personally  responsible 
for  the  payment  of  the  sum  borrowed. 

There  is  hardly  a  community  in  the  state  in  which  some  one 
cannot  be  found  to  loan  $2500  (cheese  factory)  to  $4500  (creamery) 
to  an  association  of  twenty-five  or  fifty  or  more,  farmers  each  one 
of  whom  agrees  to  be  personally  responsible  for  the  loan. 

When  the  required  number  of  patrons  and  cows  have  been  se- 
cured, call  a  meeting  of  the  patrons  and  perfect  the  organization,  by 
adopting  and  signing  articles  of  agreement. 

We  give  on  page  68  articles  of  agreement  and  by-laws  which 
have  been  used  in  a  great  many  creameries  and  cheese  factories  and 
have  been  found  very  satisfactory.  Of  course  such  changes  could 
be  made  in  these  as  might  be  desired. 

You  will  notice  that  Article  Two  of  the  by-laws  provides  that 
5  cents  on  each  huiidred  pounds  of  milk  received  at  the  creamery 
shall  be  retained  10  form  a  sinking  fund  to  be  used  to  pay  oflF  the 
money  borrowed,  /«nd  that  Article  Four  of  the  agreement  author- 
izes the  board  of  directors  to  borrow  the  sum  required,  the  loan  to 
be  paid  back  out  of  the  sinking  fund  as  fast  as  it  accumulates. 

This  plan  enables  the  creamery  company  to  start  without  the 
individual  patrons  being  required  to  raise  the  cash ;  and  at  the  same 
time  it  gives  the  creamery  the  ready  cash  to  buy  their  lumber,  ma- 
terial and  machinety  so  as  to  obtain  the  benefit  of  the  lowest  cash 
prices. 

The  five  cents  per  hundred  pounds  that  is  deducted  from  the 
amount  of  milk  taken  to  the  creamery  is  not  felt  by  the  patrons,  as 
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even  after  this  is  taken  out  they  will  get  more  out  of  their  milk 
than  they  have  been  getting  by  making  it  into  butter  and  cheese 
themselves,  so  the  creamery  is  gradually  paying  for  itself  without 
expense  to  the  patrons. 

Under  this  plan  a  creamery  that  is  receiving  milk  from  300 
cows  shonid  be  gcf^mg  six  thousand  pounds  of  milk  a  day;  if  five 
cents  per  hundred  of  this  went  into  the  sinking  fund,  it  would  be 
three  dollars  a  day ;  so  that  it  would  require  from  two  years  and  a 
half  to  four  years  to  pay  off  the  loan,  and  have  the  creamery  clear 
under  this  plan,  on  a  creamery  receiving  the  amount  of  milk  stated. 
By  this  means  also  the  factory  is  paid  for  and  the  patron  practically 
does  not  feel  it  at  all. 

We  give  below  a  draft  of  organization  agreement,  articles  of 
agreement,  and  by-laws  which  can  be  used  as  a  guide  and  changec" 
or  modified  as  desired. 

ORGANIZATION  AGREEMENT. 

We,  the  unde!signed  citizens  of county,   State  of 

Montana,  do  hereby  agree  to  form  themselves  into  an  association  to 

be  known  by  the  name  of Association,  and  we  agree 

to  borrow  the  sum  of dollars  or  less,  to  put  up  a  building 

and  equip  it  with  the  necessary  machinery,  and  jointly  to  become 
personally  responsible  for  the  sum  borrowed  including  interest.  The 
money  to  be  raised  in  the  manner  agreed  upon  by  the  association. 
We  also  agree  to  furnish  the  milk  from  the'  number  of  cows  oppo- 
site our  names. 

Name Cows 

ARTICLES    OF   INCORPORATION. 

We,  whose  names  are  hereto  subscribed,  and  whose  residences 

are  within  the  county  of in  the  state  of 

Montana,  do  hereby  associate  ourselves  together  as  a  cooperative 
association  under  ihe  laws  of  the  state  of  Montana,  to  which  we 
have  adopted  the  following  constitution,  viz.: 
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ARTICLE  I. 

The  name  of  the  association  will  be  the 

Association,  and  its  place  of  business  shall  be  at  or  near  Section. . . . 
in  the  town  of in  said county. 

ARTICLE  II. 

The  t.bject  of  this  Association  shall  be  the  manufacture  of 
butter  and  cheese   ^r  both  from  whole  milk,  at  actual  cost. 

ARTICLE  III. 

The  officers  of  rhis  Association  shall  be  a  President,  Vice  Presi- 
dent, Secretary,  Treasurer  and  three  trustees,  who  shall  be  elected 
annually  at  the  regular  annual  meeting  of  the  Association  to  be  held 
on  the  first  Monday  of  January  of  each  year,  and  their  term  of  office 
shall  be  one  year  and  until  their  successors  shall  have  been  duly 
elected  and  have  qualified. 

ARTICLE  IV. 

The  duties  of  the  respective  officers  shall  be  as  follows:  The 
President  shall  preside  at  all  meetings  of  the  Association.  He  shall 
have  power  to  call  special  meetings  of  the  Aasociation  whenever  in 
his  judgment  requi'-ed  by  the  business  of  the  Association  or  upon 
the  written  request  of  five  or  more  members. 

The  Vice  President  shall  perform  the  duties  of  the  President 
when  he  is  absent  or  otherwise  unable  to  attend  to  them. 

The  Secretary  shall  keep  a  record  of  all  the  meetings  of  the 
Association,  and  make  and  sign  all  orders  upon  the  Treasurer  and 
pay  over  to  the  Treasurer  all  money  which  comes  into  his  posses- 
sion, taking  the  Treasurer's  receipt  therefor. 

The  Treasurer  shall  receive  and  receipt  for  all  moneys  belong- 
ing to  the  Association,  and  pay  out  the  same  only  upon  orders  which 
shall  be  signed  by  the  Secretarry.  The  Secretary  and  Treasurer 
shall  give  bonds  in  such  amount  as  the  Association  shall  provide. 

The  Piesident,  Vice  President,  Secretary  and  Treasurer  and 
three  trustees  shall  constitute  the  Board  of  Directors,  whose  duties 
shall  be  to  audit  and  allow  all  just  claims  against  the  Association. 
They  shall  compute  the  amount  of  milk  receipts,  the  amount  of 
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product  sold,  and  the  moneys  received  therefor,  and,  after  deducting^ 
from  the  total  receipts  the  percentage  herein  provided  for  as  a  sink- 
ing fund  and  also  the  running  expenses,  on  the  15th  day  of  each 
month,  divide  the  remaining  receipts  of  the  preceding  month  among 
the  members  and  jntrons  of  the  Association,  proportionately  to  the 
amount  of  whole  milk  or  fat  furnished  by  each.  Provided,  how- 
ever, that  in  case  of  withdrawal  of  any  member  from  this  Associa- 
tion before  the  moneys  herein  provided  to  be  borrowed  shall  have 
been  paid  in  full,  principal  and  interest,  all  product  from  milk  fur- 
nished by  such  withdrawing  members  then  on  hand,  and  any  mon- 
eys received  from  such  product  then  in  the  possession  of  the  Asso- 
ciation, shall  be  retained  until  all  said  moneys  so  borrowed  shall 
have  been  fully  repaid,  and  thereafter  said  moneys,  or  any  remainder 
thereof  after  applying  the  just  share  of  such  withdrawing  mem- 
bers therefrom  to  the  repayment  of  any  balance  of  such  indebtedness 
not  paid  from  the  sinking  fund,  shall  be  paid  over  to  him  or  his 
assigns. 

The  Board  of  Directors  shall  cause  the  Secretary  to  make  in 
writing,  a  report  to  the  annual  meeting  of  the  Association,  setting- 
forth  in  detail  the  gross  amount  of  milk  receipts,  the  net  amount  of 
feceipts  from  all  products  sold  and  all  other  receipts,  the  amount 
paid  out  for  running  expenses,  the  sums,  if  any,  paid  out  for  niilk^ 
and  all  other  mattiTs  pertaining  to  the  business  of  the  Association. 
A  like  statement,  containing  the  gross  amount  of  milk  receipts,  the 
net  receipts  from  products  sold  and  all  running  expenses  of  the 
cream^t-y  shall  be  made  each  ^nonth  and  posted  conspicuously  in 
the  creamery  building  at  the  time  of  the  division  of  the  prior  month's 
receipts  as  aforesaid 

The  Board  of  Directors  shall  borrow  a  sum  of  money  not  ex- 
ceeding  thousand  dollars,  to  be   used  by  them   in   the 

erection  and  completion  and  furnishing  of  the  creamery  building 
and  for  no  ether  purpose.  Said  members  of  said  board  may  borrow 
said  money  on  their  own  responsibility,  and  in  case  they  do  so,  then 
the  sinking  fund  herein  provided  for  shall  by  them  be  applied  in 
payment  of  said  borrowed  moneys  as  the  same  fall  due  in  the  same 
manner  as  though  said  moneys  had  been  borrowed  by  the  Associa- 
tion.    Said  members  of  the  board  shall  in  such  case  be  held  to  be 
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creditors  of  the  Association  to  the  amount  of  such  moneys  unpaid, 
and  the  several  members  of  said  Association  shall  be  personally 
responsible,  jointly  and  severally,  for  the  same.  Provided,  however, 
that  prior  to  any  legal  assertion  of  such  individual  responsibility, 
the  entire  sinking  fund  then  accrued  and  on  hand  shall  be  applied 
upon  such  indebtedness.  And,  provided,  further,  that  said  mem- 
bers so  borrowing  said  moneys  may,  if  they  so  elect,  demand  and 
receive  any  part  or  all  of  the  moneys  received  from  the  products 
sold  then  :n  the  possession  of  the  Association,  upon  such  indebted- 
ness before  enforcing  such  personal  responsibility.  In  which  case 
only  that  part  of  such  indebtedness  remaining  after  applying  there- 
on all  sums  so  received  shall  be  recovered  or  demanded  from  the 
members  of  the  Association. 

ARTICLE  V. 

The  several  members  shall  furnish  all  the  milk 
from  all  the  cows  subscribed  by  each,  all  milk  to  be  sound, 
fresh,  unadulterateQ,  pure  and  unskimmed,  and  patrons  of  the  As- 
sociation, not  members,  may  by  agreement  with  the  Board  of 
Trustees  furnish  Sfuch  amounts  of  milk  as  may  be  agreed  upon. 
The  Association  shall  receive  all  such  milk  so  furnished,  manufac- 
ture the  same  into  butter,  cheese  or  other  products,  and  sell  and 
receive  all  moneys  trom  the  product;  and  from  the  moneys  so  re- 
ceived deduct  such  a  percentage  thereof  or  such  a  number  of  cents 
per  one  hundred  pounds  of  milk  as  shall  have  been  agreed  upon  by 
the  Association  in  the  by-laws  or  otherwise,  and  also  deduct  the 
running  expenses  of  the  creamery^  the  remainder  thereof  to  be  dis- 
tributed as  provided  in  Article  IV  hereof. 

ARTICLE  VI. 

Each  member  rhall  be  entitled  to  one  vote  only  at  any  meeting 
of  the  Association.  New  members  may  be  admitted  as  provided  in 
the  by-laws.  Members  shall  be  permitted  to  withdraw  only  as  pro- 
vided by  the  By-Laws. 


» 
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ARTICLE  VII. 

The  first  officers  and  Board  of  Trustees  shall  be  as  follows: 

:    President ; 

Vice  President ; 

, Secretary ; 

Treasurer ; 


, Trustees, 

ARTICLE    Vin. 

• 

These  articles  may  be  amended  at  any  annual  meeting,  or  at 
any  special  meeting  called  for  that  purpose,  provided  that  two- 
thirds  of  al!  members  present  vote  in  favor  of  such  change ;  and  pro- 
vided further,  that  at  least  one  month's  notice  of  such  proposed 
amendment  shall  have  been  given  in  such  manner  as  may  be  pro- 
vided in  the  By-Laws,  or  otherwise  by  the  Association. 

BY-LAWS   OF ASSOCIATION. 

I. 

The  Secretary  and  Treasurer  shall  give  bonds  in  the  sum  o£ 
dollar::,  both  bonds  to  be  approved  by  the  Board  of 

Directors. 

n. 

Five  cents  on  each  one  hundred  pounds  of  milk  received  at  the 
creamery  shall  be  reserved  to  foim  a  sinking  fund. 

III. 

No  milk  shall  be  received  or  business  of  any  kind  transacted 
at  the  creamery  on  Sundays. 

IV. 

During  the  interval  between  the  20th  day  of  May  and  the  20th 
day  of  September  of  each  season  all  milk  shall  be  delivered  at  the 
creamery  as  early  at  least  as  nine  o'clock  a.  m.,  during  the  remain- 
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ing  portion  of  the  se.'ison  as  early  as  ten  o'clock  a.  m.  "« 


V. 

All  milk  dell  veined  shall  be  sweet  and  in  good  condition;  and 
if  any  be  found  otUerwise,  the  operator  may  condemn  the  same,  and 
in  such  case  he  shall  notify  the  president  thereof.  The  operator  shall 
preserve  samples  of  every  deliveiy  of  each  patron's  milk,  testing  the 
same  at  proper  intervals  on  the  composite  testing  plan. 

VI. 

Any  member  or  patron  of  the  Association  found  skimming, 
watering  or  in  ^ny  manner  adulterating  his  milk  offered  at  the 
creamery  shall  forfeit  to  the  Association  as  follows:  For  the  first 
offense,  ten  dollars:  for  the  second  offense,  twenty-five  dollars;  for 
the  third  offense,  he  or  she  shall  forfeit  all  interest  in  the  Associa- 
tion and  also  all  claims  for  milk  theretofore  delivered  to  the  Asso- 
ciation. But  no  such  forfeiture  shall  be  adjudged  without  first 
affording  to  the  member  or  patron  charged  with  so  having  skimmed, 
watered  or  adulteriited  his  milk,  full  opportunity  to  defend  himself 
from  such  charge.  Any  member  sending  to  the  creamery  any  bloody 
or  unhealthy  milk,  or  any  milk  from  any  cow  within  four  days  after 
calving,  shall,  if  convicted  of  having  done  so  knowingly,  forfeit  as 
prescribed  above  in  this  section. 

VII. 

Members  and  patrons  furnishing  whole  milk  niay  take  from  the 
separator  or  tank  at  the  creamery  four-fifths  of  the  quantity  of  milk 
(in  pounds  or  quantity),  delivered  at  the  creamery  by  them  on  that 
day.  Any  member  taking  therefrom  more  than  such  amount  shall 
forfeit  to  the  Association  the  sum  of  five  dollars  for  each  such 
taking. 

VIII.  . 

Withdrawals  from  the  Association  shall  be  allowed  only  as  fol- 
lows: The  member  desiring  to  withdraw  shall  give  at  least  one 
month's  notice  of  his  application  therefor.  Such  application  shall 
only  be  allowed  on  a  vote  of  two-thirds  of  all  members  present  and 
voting  at  any  meeting  or  hearing  at  which  such  application  shall 
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have  been  noticed.  Provided,  however,  that  any  member  living  more 
than  three  miles  by  the  nearest  road  from  the  creamery  building, 
may  make  application  to  the  Board  of  Directors,  who,  in  their  dis- 
cretion, may  grant  permission  to  such  member  to  withdraw  from 
the  Association. 

IX. 

Any  member  refusing  to  deliver  at  the  creamery  the  amount 
agreed  to  be  there  delivered,  shall,  without  reasons  satisfactory 
therefor  to  the  Association,  forfeit  all  interest  in  the  pro- 
duct on  hand. 

X. 

Notice  of  any  proposed  amendment  to  the  Constitution  shall  be 
in  writing  or  printing  and  shall  be  kept  posted  prominently  in  the 
creamery  building  and  also  on  the  walls  of  the  delivery  department 
for  the  reception  of  milk. 

LOCATING   A   CREAMERY. 

There  are  four  things  to  be  considered  in  locating  a  creamery: 

First,  there  must  be  on  an  average  300  cows,  milking  for  three 
hundred  and  sixty-five  days  in  the  year,  within  a  paying  hauling 
ladius  of  the  creamery,  (from  6  to  8  miles  on  each  side  of  the 
creamery). 

Second,  there  must  be  pure  water. 

Third,  there  must  be  good  drainage. 

Fourth,  good  roads  by  which  the  patrons  may  reach  the  fac- 
tory are  very  essential. 
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GENERAL   SPECIFICATIONS  FOR   CREAMERY. 

1.  Trenches  shall  be  excavated  for  all  walls,  at  least  i  foot  be- 
low the  natural  surface  of  the  ground. 

2.  Stonework.  All  foundations  and  piers  to  be  rubble  work, 
consisting  of  sound  local  stone  laid  in  lime  and  sand  mortar  mixed 
to  proper  proportions.  Sand  to  be  clean,  coarse  and  sharp.  Lime, 
fresh  local  lime.  All  walls  to  be  faced  on  outside,  slushed  up  and 
neatly  pointed.  All  walls  to  be  well  bonded  with  frequent  headers, 
and  the  angles  tied  with  through  stone.  Stonework  to  be  6  inches 
above  ground  at  highest  point.  The  contractor  may  at  his  option 
use  concrete  in  place  of  stone  work,  of  proportions  hereinafter  spe- 
cified for  concrete  work. 

3.  Cement  Work.  All  cement  used  to  be  standard  grade  ce- 
ment. Engine  and  boiler  room  to  have  concrete  floors.  Also  con- 
crete foundation  for  separator,  said  foundation  to  be  started  Ij4 
feet  below  the  natural  surface  of  ground. 

The  concrete  will  be  composed  of  one  part  cement  and  three 
parts  sand  and  five  parts  broken  stone  and  gravel,  tamped  in  place 
until  water  shows  on  the  surface. 

Top  coating  will  consist  of  one  part  cement  and  two  parts  clean 
sand,  free  from  loam,  to  be  put  on  before  concrete  is  dry.  Surface 
to  be  troweled  smooth.  There  shall  be  proper  slope  to  the  concrete 
m  engine  and  boiler  room  for  drainage. 

5.  Carpenter  Work,  All  two  sash  windows  will  be  i%  thick, 
pine  or  fir,  and  free  from  imperfections  that  may  impair  its  strength. 

Building  to  be  substantially  framed  together  and  thoroughly 
nailed,  using  nails  of  suitable  size. 

Floor  joists  2x10-16  inch  on  centers. 

Rafters  2x6-24  inch  on   centers. 

Studding  2x4-16  inch  on  centers. 

All  partition  studding  to  be  2x4. 

Plates  2x4  double. 

Ceiling  joists   2x6-24   inch   centers. 

Truss  on  every  third  rafter  1x6  tie  and  2-1x6  studs. 

5.    Sheeting.     Cover  all  outside  walls  as  well  as  roof  with  i^ 


76  MONTANA  EXPERIMENT  STATION. 

inch  surfaced  sheeting  well  nailed  to  every  bearing.  On  inside  ceil  up 
with  No.  2  1x6  M.  &  D.,  all  except  coal  room  >vhich  is  to  be  sheeted 
up  with  same  material  used  for  outside  sheeting. 

6.  Window  Frames.  All  sash  windows  will  be  ij^  thick 
and  have  frames  with  pockets  for  weights  and  good  axle  pulleys. 
There  will  be  2-inch  sides,  blind  stops,  pulley  stiles,  and  outside  cas- 
ing. All  windows  except  coal  room  to  contain  two  lights  24x30, 
windows  in  coal  room  to  be  hung  with  3x3  buts  and  to  have  hook 
fasteners. 

7.  Roof,     Covered  with  26  guage  metal  roof. 

8.  Paper.  Under  all  roofing  and  siding  cover  sheeting  with 
red  rosin  sized  building  paper,  well  lapped  and  brought  up  carefully 
to  cornice  and  frames. 

9.  Outside  Finish.  All  outside  finish  will  be  of  No.  2  pine 
free  from  pitch  and  loose  knots.  Corner  boards  and  base  will  be 
of  i-inch  stuflF.  Cornice  to  consist  of  1x8  frieze,  1x12  plancia,  1x4 
facia,  3J/$   inch   crown   moulding  and  2-inch  bed  mould. 

All  other  outside  finish  will  be  No.  2,  6-inch  rustic. 

10.  Ventilators.    To  consist  of  two  good  weather  proof  galvan- 
ized iron  ventilators  of  at  least  150  inch  capacity  each. 

11.  Flooring.  1x4  vertical  grain  Oregon  fir  over  all  except 
engine  and  boiler  room  and  coal  room. 

Coal  room  to  have  no  floor  but  leveled  up  with  o:i\U\  to  the 
level  of  engine  and  boiler  room  floor. 

There  will  be  a  gutter  for  drainage  running  the  entire  length  of 
the  make  room  floor,  which  will  also  drain  the  engine  and  boiler 
looms  as  well  as  refrigerator  room. 

12.  Inside  Finish.  All  openings  to  be  cased  up  with  1x4  No. 
2  pine  for  paint. 

13.  Doors^  All  interior  doors  to  be  four  panel  i^  inch  No.  2  doors 
for  paint  with  2  feet  6  inch  by  6  feet  8  inch  openings.  Double 
doors  to  be  built  up  with  1%  inch  stiles  and  rails,  halved  intersec- 
tions and  covered  on  opposite  side  with  No.  2  1x4  M.  &  D.  and  to 
have  5  feet  by  7  feet  opening.  Double  dooi  in  milk  receiving  room 
to  have  2  feet  6  inch  by  3  feet  opening. 

14.    Sash.     All  sash  will  be  of  pine  i^  inch  thick  and  glazed 
with  two  24  inch  by  30  inch  lights  as  shown,  with  good  quality 
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window  glass.     All  double  windows  to  be  hung  with  cast  iron 
weights  to  balance  with  braided  sash  cord. 

15.  Stairs  inside  to  raise  3  feet  to  milk  receiving  room  with 
7J4  inch  raise  and  9  inch  breadth  steps. 

16.  Hardware.  All  outside  double  doors  to  have  head  and 
foot  bolts  and  good  thumb  latch  and  No.  42  Yale  cylinder  night 
latch. 

Interior  doors  to  have  mortised  knob  locks  with  long  escutcheon 
and  jet  knobs. 

All  sliding  windows  to  have  2  sash  lifts  And  Ives  sash  lock, 
Berlin  bronze  finish. 

17.  Painting.  Roof  to  have  two  coats  of  mineral  paint.  All 
outside  woodwork  to  have  two  good  coats  of  strictly  pure  lead  and 
oil  paint,  colors  to  suit. 

Inside,  with  exception  of  coal  room,  to  have  two  good  coats  of 
paint,  colors  to  be  selected. 


COST   OF   BUILDING. 

The  cost  of  this  building  will  vary  slightly,  according  to  the 
local  cost  of  material  in  the  particular  locality. 

We  submitted  these  plans  to  a  contractor  who  figured  lumber 
from  the  following  prices: 

2x4,  2x6,  2x10 $17.50  per  1000. 

Sheeting i7-5o  per  1000. 

1x4 22.00  per  1000. 

1x6 25.00  per  1000. 

No.  2  ship  lap  or  rustic 26.00  per  1000. 

Oregon  fir 35.oo  P^r  1000. 

Window  frames $125  to  v$2.5o  each. 

Doors  2  ft.  6  in.  x  6  ft.  8  in $3.50. 

2  ft.  8  in.  x  6  ft.  8  in $4.00.  ' 

The  contractor's  figure  on  this  building  was  $2000  to  $2200  fin- 
ished according  to  foregoing  plans  and  specifications,  $2000  being 
a  safe  estimate  in  most  localities. 
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MACHINERY  FOR  CREAMERY. 

A  great  many  firms  in  outlining  the  machinery  for  a  plant  only 
give  a  list  of  the  larger  and  more  important  parts  of  the  machinery 
and  never  mention  the  large  number  of  smaller  things  that  are  ab- 
solutely necessary  in  the  creamery.  Take  for  example  such  things  as 
salt,  oil  for  engine,  cylinder  and  cream  separator,  butter  color,  extra 
brushes,  parchment  wrapping  paper,  shipping  boxes  or  tubs,  radia- 
tors, pails,  etc 

The  following  is  a  complete  list  of  everything  in  the  line  of 
machinery,  equipment  arid  supplies  needed  to  begin  running  a 
creamery. 

LIST  OP  MACHINERY. 

I  20-H.  P.  horizontal  boiler,  complete  with  all  fixtures  including^ 
door,  grate  bars,  bearing  bars,  pop  valve,  steam  guage  and  syphon, 
water  column  with  glass  water  gauge,  3  guage  cocks,  feed,  check 
and  blow-off  valves,  injector  fitted  to  boiler,  whistle,  smoke  stack 
and  saddle,  guy  wires,  flue  cleaner,  poker  ,coal  scoop,  etc. 

400  fire  brick. 

I  barrel  fire  clay. 

I  IS-H.  P.  horizontal  engine  with  brass  oiler  and  Detroit  lubri- 
cator. 

I  boiler  feed  pump  with  lubricator. 

I  4x6  steam  well  pump. 

I     Separator  of  3,000  pound  capacity  per  hour. 

I  Churn,  working  capacity  600  pounds  butter. 

I  200-gallon  galvanized  skim  milk  vat. 

I  300-gallon  galvanized  butter  milk  vat. 

I  300-gallon   galvanized  water  tank. 

I  400-gallon  milk  receiving  vat. 

I  Twin  cream  vat  (300  gallon,  ice  box  on  end). 

I  24-bottle  Ideal  tester. 

I  600-pound  five  beam  scale. 

I  6o-gallon  weitjh  can. 
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Conductor  head  and  s-ft.  trough. 

Milk  strainer. 

Ideal  wash  sink,  No.  2. 

No.  I  rotary  milk  pumps. 

Whole   milk   heater. 

Pasteurizer  for  skim  milk. 

Ideal  skim  milk  weigher. 

Noiseless  water  heater. 

14  inch  iron  head  mop  with  one  half  dozen  extra  rubbers. 

250-page  milk  ledger. 
4  dozen  weekly  milk  sheets. 

Newton  computator. 

dozen  Babcock  test  bottle  brushes. 

Cream  acid  tester  complete. 
Yi  dozen  composite  test  jar  brushes. 
50  T.  T.  pint  sample  test  jars. 

18  inch  butter  tryer. 

8-ounce  graduate  for  color. 
Yi  dozen  common  floating  thermometers. 

Butter  packer. 

Dairy  or  New  York  style  ladle. 

Factory  ladle. 

Butter  salting  scale. 

4  1 6x1 1^46  adjustable  drop  hangers. 
2  I  ^Vis  shaft  collars. 
28  feet  ii^e  inch  shafting. 

20  feet  y^  inch  4  ply  steam  hose. 

30  feet  ^  inch  3  ply  conducting  hose. 

I  Belt  awl. 

50  feet  cut  rawhide  lacing. 

5  pounds  Italian  hemp  packing. 

I  pound  each  piston  and  cylinder  packing. 

Necessary  connections  in  black  piping  for  boiler,  engine,  pumps, 
wash  sink,  pasteurizer,  vats,  etc.  Necessary  check  globe  and- angle 
valves  (Jenkins)  for  above. 

yz    Dozen  extra  seats  for  all  valves  used. 

Necessary  ells,  tees,  unions,  nipples,  reducers,  couplings^ 
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plugs,  etc.,  for  above.  :    •         .       '    1 

1  Main  drive  wood  split  pulley. 

2  Wood  split  pulleys  for  rotary  pumps. 
I  Wood  split  pulley  for  chum. 

I  Separator  wood  split  pulley. 

1  Pulley  (wood  split)  for  starter  can.  . 
(Size  of  pulley  will  depend  upon  speed  of  engine). 

2  14-quart  pails.  ^  '    ' 

1  Starter  can. 

yi  Dozen  gallon  butter  color. 
%  Dozen  scrub  brushes. 
%  Dozen  ox  fibre  brushes. 
Vs   Dozen  A.  B.  C.  brushes. 

3  Gallons  sulphuric  acid  (commercial). 

2  Boxes  preservative  tablets. 
S.  H.  dipper  (gallon). 
S.  H.  dipper  (1-2  gallon). 
Barrel  butter  salt. 
Butter  maker's  set  of  tools  (including  saw,  hammer,  brace, 

and  set  bits,  wrenches,  dies,  etc.) 
J4  dozen  extra  separator  ropes. 
Elbow  strainer  for  chum. 
Butter  printer. 
3000  Parchment  wrappers. 
:oo  K.  D.  54-pound  shipping  boxes. 
Keg  floor  powder. 
Spring  belt  punch, 
o  poimds  waste. 
5  Gallons  engine  oil. 
5  Gallons  cylinder  oil. 
5  Gallons  separator  oil. 

1  Refrigerator,  8x12  feet. 

2  Radiators  for  make  room. 

Now  in  a  number  of  cases  we  have  not  specified  just  exactly 
the  particular  make  to  get,  for  in  such  cases  there  are  a  number  of 
standard  varieties  that  are  equally  good.  Should  anyone  desire  par- 
ticular advice  on  any  particular  make  of  machinery,  we  will   be 
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pleased  to  help  if  they  write  us  at  the  Dairy  Department  of  the 
Agricultural  Experiment  Station. 

Considerable  money  can  be  saved  by  the  farmers  getting  to 
gether  and  deciding  how  many  milk  cans  they  will  need,  and  also 
the  sizes  they  want,  and  ordering  them  to  come  in  the  car  of 
machinery.  By  this  means  they  can  be  obtained  practically  freight 
free  as  the  freight  on  the  car  of  machinery  will  be  a  fixed  rate  any- 
way. 

COST  OF  MACHINERY. 

The  machinery  listed  above  can  be  laid  down  anywhere  in 
Montana  for  $2300.00,  and  it  will  cost  in  the  neighborhood  of  $200 
for  local  drayage,  installing  the  machinery  and  doing  the  necessary 
piping.  So  that  $2500.00  is  ample  to  pay  for  a  complete  list  of 
machinery,  including  the  freight  and  the  cost  of  installing  it.  Thus 
the  plant  complete  will  cost  for  building  $2000.00,  and  for  machinery 
$2500.00.  Making  the  total  cost  of  a  500  to  1000  cow  capacity 
creamery  $4500.00. 
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CHEESE  FACTORY. 

The  same  may  be  said  of  the  requirements  and  location  of  a 
cheese  factory  as  was  said  of  a  creamery,  with  the  exception  that 
it  does  not  require  as  many  cows  for  the  successful  operation  of  a 
cheese  factory  as  for  a  creamery.  A  very  successful  cheese  factory 
can  be  run  with  150  to  200  cows,  and  such  a  plant  will  pay  just  as 
well,  and  possibly  a  little  better,  than  a  creamery  with  300  cows  at 
the  present  prices  of  cheese.  With  the  same  number  of  cows  and 
at  the  prevailing  prices  there  is  more  money  in  making  cheese,  by 
20  cents  per  hundred  of  milk,  than  by  making  butter,  but  the  pa- 
tron has  to  wait  a  little  longer  for  his  money  as  cheese  has  to  lie 
on  the  shelves  from  four  to  six  weeks  before  it  is  ready  for  market. 

Herewith  arc  given  plans  of  an  up-to-date  cheese  factory. 

SPECIFICATIONS. 

The  main  building  shall  be  20  ft.  44ft.,  10  ft.  ceiling  and    Vs. 
pitch  roof  with  a  boiler  room  on  the  side  12  ft.  x  20  ft. 

1.  Trenches.  Same  as  trenches  under  specifications  for 
creamery,  page  75. 

2.  Stone  Work,  Same  as  under  creamery  specifications,  page  75. 

3.  Cement  Work.  Only  the  boiler  roOm  will  have  concrete 
floor,  Cement  work  to  be  made  and  laid  as  under  creamery  speci- 
fications,  page  75. 

4.  •  Carpenter  Work.     Same  as  under  creamery  specifications, 

page  75- 

5.  Sheeting.  Cover  all  outside  walls  as  well  as  roof  with  i  mch 

surfaced  sheeting  well  nailed  to  every  bearing,  also  walls  and  ceil- 
ing of  curing  room  with  same  material.  On  inside,  except  curing 
room,  ceil  up  with  No.  2  1x6  M.  &  D. 

6.  Window  Frames.  All  windows  to  contain  two  lights  24 
inch  X  30  inch.  All  the  rest  same  as  under  "Window  Frames,'^ 
creamery  specifications,  page  76. 

7.  Roof  of  main  building  and  boiler  room  to  be  covered  with  26 
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guage  metal  roofing. 

8.  Paper,  Under  all  roofing  and  siding  cover  all  sheeting  ^vith 
red  rosin  sized  building  paper  well  lapped  and  brought  up  carefully 
to  cornice  and  frames.  In  addition  the  inside  walls  and  ceiling-  of 
curing  room  to  be  covered  on  top  of  i  inch  sheeting  with  same 
paper  nailed  on  with  i  inch  x  2  inch  strips,  i6  inch  centers.  On 
top  of  these  strips  put  2  perpendicular  layers  of  same  kind  of 
building  paper  and  ceil  up  with  i  inch  x  6  inch  M.  &  D.,  thus 
making  two  dead  air  spaces. 

9.  Outside  Finish,  same  as  creamery  specifications,  page  76. 

10.  Ventilators^  same  as  creamery  specifications,  page  76. 

11.  Floorings  1x4  vertical  grain  Oregon  fir  over  all  except  boil- 
er room.  There  will  be  a  gutter  running  across  the  make  room  to 
which  the  floor  from  both  sides  will  slope. 

12.  Inside  Finish,   Same  as  creamery  specifications,  page  76. 
Doors.  All  doors  same  as  creamery  specifications,  page  76. 

13.  Sash.  Same  as  creamery  specifications,  page  76. 

14.  Platforms.  There  will  be  one  platform  in  the  make  room 
to  hold  the  weigh  scales  and  weigh  can  to  carry  800  pounds.  Plat- 
form to  be  4  ft.  X  8  ft  and  3  ft.  above  the  floor.  Steps  rising  to  it  to 
have  7^4  inch  raise  and  9  inch  tread. 

Where  necessary  there  will  be  a  platform  outside  of  boiler 
room  to  hold  cans  while  the  patrons  are  loading  up  the  whey.  Plat- 
form to  be  the  same  size  as  the  one  inside. 

MACHINERY  FOR  CHEESE  FACTORY. 

I  8-H.  P.  upright  boiler  complete  with  fixtures  as  follows :  stack, 
grate  bars,  pop  valve,  steam  guage  and  syphon,  water  column,  with 
glass  water  guage,  3  guage  cocks,  feed,  check,  and  blow-oflf  valves, 
injector  fitted  to  boiler,  whistle,  guy  wires,  flue  cleaner,  poker, 
coal  scooos,  etc. 

I  Steam  well  pump. 

Necessary  iron  pipe  for  all  piping  inside  factory. 

Necessary  ells,  tees,  unions,  nipples,  reducers,  couplings, 
plugs,    etc.,  for  above. 

Necessary  valves  for  above  fittings  (Jenkins). 


CREAMERIES  AND  CHEESE  FACTORIES.  87 

I  6oo-pound  5  beam  Fairbank  scales. 

I  24opoiind  S.  B.  scale  (Family). 

I  8o-gallon  weigh  can. 

I  Conductor  head. 

6  Foot  conductor  trough. 

1  500-gallon  cheese  vat   (2  inch  gate). 

2  Curd  racks. 

I  Combination  Cheddar  and  Y.  A.  cheese  press. 

I  Harris  curd  mill. 

12  14^  inch  seamless  hoops. 

6  Y.  A.  seamless  hoops. 

I  24-bottle  Facile  tester. 

I   15-barrel  steel  tank. 

I   Curd  pail. 

I   14-quart  pail.  J 

3/2  dozen  floor  scrub  brushes. 

3  Jorsey  brushes. 

500  yards  14^/^  cheese  bandage. 
500  yards  Y.  A.  cheese  bandage. 

4  Gallons  Hansen  rennet. 
Gallon  cheese  color.  , 

Gallon  acid. 
Box  cor.  sub.  tablets. 
Aliens  pay   roll. 
S.  and  S.  record. 
Dozen  rec.  sheets. 
Dozen  pint  T.  T.  bottles. 
17-barrel  steel  tank. 

8x20  Hor.  curd  knife.  ^ 

14x20  Perp.  curd  knife. 
L.  H.  Dipper  (>4  gallon). 
S.  H.  Dipper  (i  gallon). 

Whev  strainer  for  cheese  vat.  » 

Curd  scoop. 
i6-ounce  graduate. 
'Stirring  knife. 
Gram  measure. 
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I  Cheese  knife  for  hoop.  •        ; 

I  Dating  stencil,  paste  and  brush.  ] 

I  Floor  mop  14  inch  with  J/^  dozen  extra  rubbers. 

6  Floating  thermometers. 

I  Barrel  cheese  salt. 

I  4x8  Moore  pump. 

I  Wash  sink,  galvanized. 

I  Noiseless  heater. 

,        I  Dozen  brushes. 

I  M.  13  1-2  cloth  circles. 

I  M.  6  1-2  cloth  circles. 

TOTAL  COST  OF  CHEESE  FACTORY. 

The  same  prices  have  been  figured  on  lumber  for  the  cheese 

factory  as  for  the  creamery.     Such  a  building  constructed  as  per 
plans  and  specifications  here  given  can  be  built  for  $1500. 

A  complete  outfit  of  the  very  best  cheese  factory  machinery,  for 
such  a  plant,  can  be  laid  down  in  Montana,  and  placed  in  shape  in 
the  factory  ready  to  run  for  $800.  This  price  includes  actual  cost 
of  machinery,  freight  from  Minneapolis  or  St.  Paul  to  Montana,  and 
the  cost  of  installing  said  machinery  in  factory.  Thus  the  factory 
complete  can  be  built  for  $2300.  This  price  may  vary  $100  one  way 
or  the  other  according  to  the  local  price  of  material. 

These  plans  and  specifications  are  given  with  the  hope  that 
they  may  be  of  use  to  those  who  are  thinking  of  building,  and  if 
any  one  is  desirous  of  using  these  plans,  blue  prints  may  be  had 
by  applying  to  the  Dairy  Department  of  the  Experiment  Station, 
Bozeman,  Montana. 

As  far  as  possible,  any  other  help  towards  the  building  and 

equipping  of  either  plant  will  be  cheerfully  given. 
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THE  ALKALI  SOILS  OF  HONTANA. 

SECOND  BULLETIN. 

In  presenting  the  results  of  Alkali  soil  examination  oiF  the  past 
few  years,  it  has  been  deemed  advisable  to  repeat  some  of  the  ob- 
servations and  conclusions  of  Bulletin  No.  i8,  the  edition  of  which 
is  completely  exhausted.  To  this  end  the  following  resume  of  work 
done  in  Montana  and  elsewhere  is  offered  as  an  introduction  to  the 
detailed  discussion  of  the  soils  of  the  particular  localities  investigat- 
ed. 

ORIGIN  OF  ALKALI. 

By  alkali  soils  is  meant  such  soils  as  contain  an  excess  of  soluble 
mineral  salts.  Two  kinds  of  such  soils  are  known  and  are  called 
respectively  "Black  Alkali"  and  "White  Alkali."  The  so-called 
alkali  soils  are  foimd  only  in  arid  or  semi-arid  districts.  In  the 
formation  of  soils,  rocks  are  disintegrated  by  the  various  weather- 
ing agents,  the  most  easily  decomposed  constituents  of  the  rocks 
being  resolved  into  a  soluble  component  and  an  insoluble  residue. 
The  particular  constituent  attacked  is  usually  in  sufficient  quantity 
to  act  as  a  cement  to  the  other  constituent  minerals  of  the  rock, 
thus  holding  them  together.  By  the  solution  of  a  considerable 
portion  of  this  cementing  material  the  remainder  is  left  in  such  a- 
slightly  coherent  condition  that  it  is  no  longer  capable  of  holding 
the'  rock  together ;  it  thus  falls  into  a  loose  pulverulent  mass  the 
particles  of  which  are  of  a  greater  or  less  size  depending  upon  the 
size  of  the  original  particles.  This  mass  constitutes  the  original 
soil  which,  after  being  acted  upon  by  the  lower  forms  of  vegetable 
life,  ultimately  becomes  capable  of  supporting  the  ordinary  crops 
of  the  farm. 

Now  the  question  of  whether  or  not  we  shall  have  an  alkali  soil 
after  the  rock  has  become  disintegrated  depends  upon  the  subse- 
quent history  of  the  soluble  portion  of  the  original  rock.  If  the 
climate  is  humid  we  have  an  excess  of  water  to  carry  away,  in 
solution,  soluble  salts  as  fast  as  formed  and  ultimately  to  deposit 
these  salts  in  the  ocean.  If,  on  the  other  hand,  there  is  scant 
rainfall,  as  in  arid  climates,  and  the  run-off.  i.  e.,  the  water  falling 
on      the  surface   and  passing  off  without  being  absorbed   by  the 
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soil,  is  so  slight  that  but  a  small  portion  of  the  soluble  salts  is 
removed,  these  will  accumulate  to  an  alarming  extent  where  con- 
ditions are  favorable  to  this  action. 

Let  us  take  a  concrete  example  in  illustration  of  this  process. 
One  of  the  most  common  rocks  is  granite  which  is  composed  of 
quartz,  mica  and  feldspar  the  last  being  regarded  as  the  cementing 
material.  The  quartz  is  composed  of  silica  which  is  one  of  the 
most  insoluble  substances  in  nature  and  is  but  little  influenced  by 
the  disintegrating  effects  of  the  various  agents  active  in  soil  forma- 
tion ;  mica  contains  nearly  fifty  per  cent,  of  silica,  the  remainder  of 
its  weight  being  chiefly  of  alumina  which  is  not  readily  soluble 
together  with  small  amounts  of  potash  and  oxide  of  iron;  the  third 
constituent,  feldspar,  is  composed  of  silica,  alumina  and  potash 
and,  while  it  contains  more  silica  than  mica,  nearly  two-thirds  of 
it5  weight  being  silica  it  is  much  more  easily  decomposed  than  the 
mica  and  it  is  because  of  the  partial  solution  of  this  mineral  that 
the  rock  is  weakened  and  falls  to  pieces.  As  thus  formed  the  soil 
consists  of  particles  of  quartz  sand  and  flakes  of  mica  distributed 
through  a  mass  of  loose  clay  resulting  from  the  decomposition  of 
the  feldspar,  the  whole  mixture  in  turn  being  permeated  by  a  solu- 
tion of  potassium  carbonate  and  potassium  silicate.  Now,  whether 
these  salts  or  similar  ones  formed  by  the  various  changes  constantly- 
taking  place  remain  in  the  soil  or  are  carried  away  depends,  as 
already  stated,  upon  the  climate. 

Black  Alkali:  This  is  of  alkaline  reaction,  the  alkalinity 
being  due  to  the  presence  of  sodium  carbonate,  "sal  soda,"  in  greater 
or  less  quantity,  and  is  characterized  by  a  blackness  of  the  soil  in 
which  it  occurs.  This  blackness  of  the  soil  is  produced 
by  the  deposit  of  organic  matter,  dissolved  from  organic 
substances  bv  the  alkaline  solution  of  the  .  soil,  and 
left  behind  after  evaporation  of  the  water.  This  condition 
is  particularly  noticeable  around  the  edges  of  evaporating  pools, 
and  upon  the  complete  evaporation  of  such  solutions  the  former 
bottom  is  found  covered  with  a  slimy  black  deposit  of  finely 
divided  material. 

Alkali  soil  of  this  sort  is  extremelv  uncommon  in  Montana.  On 
the  other  hand,  a  very  much  smaller  quantity  of  the  black  alkali  is 
injurious  to  crops  than  of  the  white  variety.      The  most  common 
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remedy  for  black  alkali  is  its  conversion  into  the  less  harmful  white 
alkali.  The  researches  of  Dr.  E.  W.  Hilgard  and  his  associates  in 
California  have  shown  that  much  above  one-tenth  per  cent,  of  black 
alkali  in  the  surface  foot  of  soil  is  prohibitive  to  plant  growth. 

The  action  of  black  alkali  is  a  corrosive  one,  the  vegetable 
matter  being  dissolved  wherever  the  comparatively  strong  alkaline 
solutions  come  into  contact  with  it.  The  plants,  especially  at  the 
point  where  the  stem  emerges  from  the  earth,  are  often  affected  to 
such  an  extent  as  to  be  completely  eaten  through,  and  as  a  conse- 
quence a  crop  may  be  completely  prostrated  by  the  "rise  of  alkali." 

By  the  application  of  a  top  dressing  of  gypsum,  (sulphate  of  cal- 
cium,) a  chemical  change  is  brought  about  resulting  in  the  produc- 
tion of  two  new  substances,  the  black  alkali,  (sodium  carbonate,) 
being  changed  into  the  less  harmful  white  alkali,  (sodium  sulphate,) 
.  and  the  gypsum  being  converted  into  the  equally  harmless  calcium 
carbonate  or  limestone. 

White  Alkali:  This  is  entirely  non-corrosive  in  its  ac- 
tion on  vegetable  matter,  and  as  already  mentioned,  is  not  nearly  so 
harmful  in  effect  as  the  same  amount  of  black  alkali  would  be.  White 
alkali  is  composed  principally  of  soluble  sulphates,  chiefly  of  sodium 
and  magnesium  the  former  making  up  the  greater  part  of  the  mix- 
ture; more  or  less  calcium  sulphate  is  also  present  and  these  three 
salts  comprise  the  bulk  of  nearly  all  white  alkalis,  the  remainder  of 
the  salts  being  composed  of  very  small  quantities  of  the  usual  soil- 
water  constituents.  Whether  the  alkali  is  "black"  or  "white,"  de- 
pends not  only  upon  the  question  of  its  origin  but  also  upon  the  sub- 
sequent reactions  of  the  constituent  salts.  Thus  while  it  is  very  un- 
likely that  white  alkali  would  be  changed  into  black  yet  it  very 
frequently  happens  that,  either  by  accident  or  design,  the  black 
alkali  is  changed  into  the  less  harmful  .white  through  the  reaction 
already  discussed. 

RISE  OF  ALKALI. 

So  long  as  the  salts  are  distributed  through  the  soil  uniformly 
and  do  not  reach  too  high  a  percentage  in  the  surface  foot  no  harm 
results  to  vegetation ;  but;  with  the,  advent  of  irrigation,  many  sec- 
tions previously  giving  no  indications  of  alkali  begin  to  show  its 
presence. 

The  processes  which  bring  these  soluble  salts  to  the  surface 
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are  exceedingly  simple  and  easily  understood.  As  is  well  known, 
water  is  Nature's  great  solvent,  and  in  its  course  dowmward  into  the 
soil  after  a  rainfall  or  after  the  much  heavier  irrigation,  it  takes  up 
all  soluble  matters  with  which  it  comes  into  contact;  it  thus  soon 
comes  to  be  heavily  charged  with  various  salts.  These  salts,  being 
very  soluble,  can  only  be  separated  from  the  water  in  either  of  two 
ways;  in  one  the  salts  would  be  changed  into  insoluble  compounds 
when  separation  could  be  easily  effected.  This  conversion  into  in- 
soluble salts  is  very  unusual  and  extremely  unlikely  to  occur  in 
nature,  though  it  is  not  an  uncommon  thing  in  the  chemical  labor- 
atory. This  leaves  the  separation  of  the  water  and  salts  to  be 
brought  about,  if  at  all,  by  the  other  method.  This,  unfortunately 
for  agriculture  in  irrigated  regions,  is  only  too  easily  effected.  This 
method  is  the  evaporation  of  the  water  from  the  salt,  the  latter  being 
left  behind  on  or  near  the  surface  of  the  soil. 

In  its  downward  course  through  the  soil  water  will  take  up 
soluble  matters  until  it  becomes  saturated  with  them  so  that  it  may 
hold  any  quantity  of  salts  up  to  its  point  of  saturation.  When  the 
application  of  water  through  irrigation  temporarily  ceases,  the  di- 
rection of  the  water  flow  is  reversed,  and  instead  of  passing  from 
the  soil  surface  downward,  it  now  comes  from  below  to  the  surface 
bringing  with  it  its  full  complement  of  dissolved  materials. 

This  upward  movement  is  due  to  the  capillary  action  of  the 
soil  and  it  is  a  fact  that  some  soils  have  a  capillary  power  sufficient 
to  enable  them  to  lift  water  to  the  surface  from  a  depth  of  eight  feet 
or  more.      As  this  salt-charged  water  reaches  the  surface  it  comes 
under  the  influence  of  the  sun's  rays  and  is  more  or  less  rapidly  evap- 
orated.   In  this  process,  however,  only  the  water  passes  off,  the  salts 
remaining  behind  in  exactly  the  place  where  they  can  do  the  most 
damage  to  vegetation.       A  fresh  application  of  water  may  be  ac- 
companied by  a  partial  carrying  down  of  some  of  the  soluble  sur- 
face salts  but,  on  the  return  of  this  water  to  the  surface  throug^h 
the  processes  enumerated,  it  carries  with  it,  not  only  what  it  took 
down,  but  also  an  additional  quantity  of  deleterious  matter  which 
is  thus  brought  within  the  danger  limits.       With  the  continuation 
of  this  process  sooner  or  later  a  condition  is  reached  prohibitive 
to  vegetable  growth. 

Another  cause  of  the  rise  of  alkali,  more  serious  in  its  effects 
because  accompanied  by  another  objectionable  feature,  is  the  rise 
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of  the  ground  water  due  to  excessive  irrigation.  Charts  of  under- 
ground conditions  designed  primarily  to  show  the  depth  to  ground 
water,  or  permanent  water  level,  show  that  with,  the  progress  of 
irrigation  this  water-table — as  it  is  sometimes  called — approaches 
nearer  and  nearer  to  the  surface  until  in  many  cases  it  becomes 
actually  coincident  w^ith  the  surface.  This  not  only  brings  about 
a  concentration  of  mineral  salts  at  the  surface,  but,  because  of  the 
ill  effect  of  excess  of  water  upon  certain  crops,  notably  alfalfa, 
v.'Ould  bring  about  an  extermination  of  the  crop  even  if  unaccom- 
panied by  an  excess  of  alkali.  It  is  a  well-known  fact  that 
Tilfalfa  cannot  exist  with  its  roots  surrounded  by  a  soil  saturated 
with  water,  and  often  in  alkali  districts  I  have  been  compelled  to 
attribute  the  killing  out  of  alfalfa  to  excess  of  water  rather  than 
to  excess  of  alkali. 

This  condition  of  excess  of  alkali  accompanying  a  rise  of  the 
ground  water  can  be  brought  about  by  over-irrigation  at  the  point 
where  the  trouble  develops  or  may  result  from  over-irrigation  on 
the  part  of  one's  neighbors  occupying  higher  land  or  by  means  of 
leaking  ditches  at,  higher  points  than  the  affected,  lands.  The 
two  latter  causes  bring  about  more  serious  conditions  than  do  exist 
when  both  cause  and  effect  are  purely  local  for  the  water  not  only 
comes  to  the  surface  under  a  greater  or  less  hydrostatic  pressure 
but  passing  through  a  much  greater  area  of  alkali-containing  soil 
has  an  opportunity  of  taking  up  correspondingly  greater  quantities 
01  alkali  salts  ultimately  to  deposit  on  the  surface. 

REMEDIES. 

In  the  light  of  what  has  already  been  said,  the  discussion  of 
the  remedy  for  the  "rise  of  alkali"  can  now  be  intelligently  con- 
sidered. It  is  evident  that  these  remedies  may  be  considered  under 
three   heads,   namely:    Prevention,   Amelioration,   and   Eradication. 

Prevention:  This  resolves  itself  into  two  parts:  first, 
avoding  to  as  great  an  extent  as  possible,  the  solution  of 
objectionable  matters  and,  second,  reducing  surface  evaporation 
to  a  minimum. 

The  first  of  these  results  can  be  attained  only  by  limiting  the 
use  of  water  to  the  actual  needs  of  the  crop  and  by  avoiding  a 
too  deep  and  too  great  saturation  of  the  soil.  This  involves  also 
a   control   of   seepage    from   higher  points   to   prevent   rise   of   the 
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ground  water  through  leakage  of  ditches  or  over-irrigation  on  the 
part  of  neighbors  located  on  higher  ground.  It  is  plainly  apparent 
that  the  trouble  we  are  aiming  to  avoid,  being  due  to  the  carrying- 
up  of  salts  from  below,  can  also  be  prevented  if  we  can  carry  off 
the  dissolved  salts  below.  This  can  be  done  by  under-drainage 
which  will  be  more  fully  discussed  under  the  third  section. 

Amelioration:  When  the  salts  reach  such  a  percentage 
in  the  upper  portion  of  the  soil  that  their  ill-effects  begin  to  be 
apparent,  it  becomes  necessary  to  reduce  their  quantity  below  the 
danger  limit  or  to  plant  some  crop  of  greater  alkali-resistant 
power.  Such  crops,  if  they,  like  alfalfa  or  sugar-beets,  either 
through  their  foliage  or  through  their  culture,  assist  in  reducing- 
the  rate  of  evaporation,  are  great  aids.  In  addition  to  this  I  have 
found  that  the  alfalfa  from  alkali  districts  has  a  much  greater 
percentage  of  ash,  principally  alkali  salts,  than  that  from  non- 
alkali  sections,  hence  the  alkali  would  be  constantly  removed  with 
the  crop  ultimately  leaving  the  soil  in  a  condition  fit  to  support 
any  crop.  Sugar  beets  also  have  been  found  to  take  enormous 
quantities  of  alkali  salts  from  the  soil  but,  unfortunately,  such  beets 
are  not  suitable  for  the  manufacture  of  sugar. 

Ploughing  in  of  manure,  straw  or  similar  material,  especially 
as  soon  after  an  irrigation  as  it  is  possible  to  work  the  ground, 
will  be  found  useful  for  two  reasons:  first,  the  admixture  of  this 
material  with  the  soil  proportionately  reduces  the  percentage  of 
alkali:  and,  second,  it  reduces  the  rate  of  evaporation,  especially 
if  more  of  this  material  is  applied  loosely  over  the  surface. 

It  must  be  understood  that  the  success  of  this  treatment  is  due 
not  to  any  chemical  reaction  but  solely  to  the  reduction  of  the 
lelative  amount  of  alkali  on  the  surface  of  the  soil,  and  further  to 
the  reduced  rate  of  evaporation  brought  about  by  the  changed 
texture  of  the  surface  soil. 

The  reason  for  applying  this  mulch  as  soon  as  possible  after 
the  use  of  water  is  that  the  surface  alkali  is  temporarily  carried 
down  into  the  soil  as  previously  explained  and  much  of  it  may  thus 
under  proper  treatment  be  kept  out  of  the  danger  zone. 

By  judicious  surface  flooding  of  the  land  the  amount  of  alkali 
in  the  surface  portions  may  be  temporarily  reduced.  This  method 
requires  great  care  or  the  conditions  will  be  made  worse  instead  of 
better.       Two    conditions   for   the    successful    application    of   this 
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process  are  imperative,  namely:  plenty  of  water  and  a  suitable 
slope  to  make  possible  the  immediate  removal  of  the  salt-saturated 
water.  This  scheme  of  treatment  may  be  successfully'  followed 
to  bring  about  the  removal  of  the  greater  part  of  the  surface  crust 
of  alkali  so  commonly  seen  in  badly  affected  alkali  districts,  but 
it  must  only  be  considered  as  a  temporary  expedient  and  not  as 
a  final  remedy.  The  same  thing  may  be  said  of  the  other  methods 
of  treatment  so  far  discussed. 

Eradication:  This  can  only  be  brought  about  in  one  way 
— by  under-drainage.  When  there  is  an  efficient  natural  under- 
drainage  there  is  no  alkali.  This  of  itself  should  give  us  confidence 
in  the  efficacy  of  the  method  under  discussion. 

Artificial  under-darinage  is,  of  course,  very  expensive  and  it 
has  been  a  question  whether,  with  the  comparatively  cheap  lands  of 
the  west,  under-drainage  was  economically  advisable;  whether,  in 
other  words,  it  was  wise  to  put  as  much,  or  more,  than  the  rated 
acre-value  of  the  land,  into  a  system  of  under-ground  tiling  for 
the  purpose  of  drainage. 

It  seems  to  me  that  the  question  is  rather: — Have  we  put  a 
proper  valuation  on  our  farm  lands?  Are  lands  which  produce 
five  tons  or  more  of  alfalfa  per  acre  worth  only  the  low  price 
current?  In  eastern  farming  districts  the  yield  per  acre  rarely 
nets  as  much  as  the  irrigated  lands  of  Montana,  for  instance  of 
the  Yellowstone  valley.  Yet  when  the  necessity  for  under-drain- 
age is  apparent  in  the  east  a  system  is  at  once  installed.  If  the 
basis  for  the  valuation  of  land  is  its  annual  yield  per  acre, 
ic  the  land  properly  appraised?  If  more  highly  appraised  land  in 
the  east  yeilding  no  larger  crops  can  be  economically  under- 
drained  why  can  ours  not  be  treated  the  same  way? 

Under-drainage,  let  it  be  well  understood,  is  not  a  provisional 
remedy  but  a  final  one.  Land  so  treated  soon  comes  up  to  its 
maximum  efficiency  and  can  be  so  maintained  with  proper  handling. 
A  year  or  two  before  land  becomes  barren,  through  rise  of  the 
alkali,  almost  phenomenal  crops  are  raised.  This  is  because  the 
alkali  is  not  a  poison  but  a  plant  food  when  present  in  properly 
limited  quantities:  it  is  even  a  necessity;  it  is  the  life  of  the  plant,  ' 
It  is  only  when  it  is  in  excess  that  trouble  ensues.  Even  the  most 
necessary  and  most  important  plant  food  would  prove  deleterious 
and  even  prevent  plant  growth  if  present  in  too  great  a  quantity. 
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Under-drainage  makes  possible  a  control  of  the  quantity  of 
salts  in  the  soil.  Over-irrigation  in  a  properly  drained  field  will 
now  produce  no  ill  results  except  that  attendant  upon  a  perversion 
of  the  water  from  a  possibly  more  useful  channel.  On  the  other 
hand,  excessive  use  of  water  is  followed  by  a  corresponding  carry- 
ing off  of  dissolved  salts  downward  through  the  avenues  provided 
for  the  escape  of  this  water,  so  that,  instead  of  the  excess  of  water 
bringing  to  the  surface  great  quantities  of  mineral  salts  to  kill  plant 
life,  it  actually  carries  away  these  salts  soon  leaving  the  soil  in 
ideal  condition.  Here  too,  however,  there  is  danger  of  carrying* 
this  process  too  far  for  an  excess  of  mineral  salts  is  distinctly  harm- 
ful. On  the  other  hand,  small  quantities  are  absolutely  necessary 
and  extreme  care  should  be  exercised  to  prevent  loss  of  these  very 
important  plant  foods  which  are  available  only  when  in  a  soluble 
form  in  which  form  also  they  are  most  likely  to  be  carried  off. 

In  irrigation,  then,  the  farmer  has  a  two-edged  sword  which 
must  be  wielded  with  the  greatest  care;  properly  handled,  the  best 
results  are  obtained:  improperly  handled,  ruin  is  almost  sure  to 
follow. 

Another  advantage  possessed  by  proper  under-drainage  is  the 
protection  it  affords  its  owner  against  damage  through  seepage 
from  higher  lands  or  ditches,  for  with  this  system  in  use  the  ground 
water  is  limited  in  its  rise  by  the  drain  tiles. 

Under-drainage  is  the  remedy  for  the  "rise  of  alkali"  and  should  be 
adopted  wherever  possible. 

As  a  concrete  example  of  what  can  be  done  by  use  of  the 
system  herein  advocated,  the  following  resume  of  actual  results 
accomplished  by  Messrs.  Means  and  Heilman  of  the  United  States 
Department  of  Agriculture  is  offered  in  evidence: 

''Reclamation  of  Alkali  Land  at  Fresno,  California." 

'*At  the  time  of  settlement  of  the  countrv  south  of  Fresno 
there  was  a  little  indication  of  the  presence  of  alkali  in  the  soil 
and  no  one  then  suspected  that  serious  damage  would  result  from 
irrigation.  When,  after  a  few  years,  alkali  commenced  to  show  in 
the  vineyards  and  orchards  the  attention  of  thoughtful  men  was 
directed  toward  remedying  the  evil  but  up  to  the  time  of  under- 
taking the  experiment  herein  reported  nothing  effective  had  been 
accomplished. 

"In   1900  a  party  from  the  Bureau  of  Soils  spent  a  season  in 
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Studying  the  soil  conditions  around  Fresno,  and  in  a  paper  embodied 
in  the  report  on  field  operations  of  the  Division  of  Soils  for  1900 
lecommended  drainage  with  frequent  cultivation  and  copious  irri- 
gation during  reclamation,  as  the  solution  of  the  alkali  problem. 

''Notwithstanding  the  recommendations  in  this  report  and  the 
repeated  statements  in  subsequent  reports  on  alkaline  areas  in 
different  parts  of  the  country  that  drainage  is  a  practicable  and 
the  only  safe  and  sure  means  of  permanently  reclaiming  alkali 
lands,  no  steps  had  been  taken  by  persons  most  deeply  interested 
to  check  or  remove  the  evil.  The  Bureau  of  Soils,  after  careful 
consideration,  decided  that  the  most  convincing  way  of  bringing 
the  truth  of  its  recommendations  and  the  value  of  drainage  in 
reclamation  work  before  the  people  was  to  demonstrate  it  by  actual 
reclamation  of  some  of  the  alkali  land.  For  this  purpose  the 
Bureau  selected  a  20  acre  tract  of  land  belonging  to  S.  M.  Toft  and 
N.  H.  Hansen  situated  on  Fig  and  Central  avenues  about  2J/2 
miles  south  of  Fresno  and  entered  into  cooperation  with  these 
gentlemen  to  demonstrate  to  the  people  of  the  irrigated  region  that 
alkali  lands  can  be  easily  and  economically  reclaimed. 

"The  history  of  this  land,  as  given  by  the  owners,  is  as  follows: 
The  northern  part  of  the  tract  was  settled  upon  by  Mr.  Toft  in 
1876  and  at  that  time  showed  no  signs  of  alkali.  The  southern 
part  of  the  tract  was  first  settled  upon  in  1862  by  Mr.  Hansen 
and  at  that  time  was  partially  alkaline.  It  has  never  produced 
good  crops.  In  1890  alkali  commenced  to  show  on  the  northern 
part  and  in  1898  and  1899  it  was  practically  abandoned. 

"The  tract  lies  in  a  level  district  where  it  is  impossible  to  ob- 
tain a  gravity  outlet  for  the  drainage  water  except  by  digging  a 
drain  2  miles  long,  so  in  order  to  raise  the  drainage  water  to  the 
surface  of  the  ground,  a  chain  pump  operated  by  a  water  wheel 
was  installed  on  Central  Canal  where  it  crosses  Fig  avenue.  A 
drainage  system  of  this  kind  is  admittedly  n9t  so  desirable  as  one 
in  which  a  gravity  outlet  can  be  maintained. 

**Three-inch,  4-inch  and  6-inch  tile  were  laid  over  the  tract  at  an 
average  depth  of  a  little  over  3  feet  and  150  feet  apart.  The 
original  intention  was  to  use  nothing  smaller  than  4-inch  tile  but 
the  makers  were  unable  to  supply  enough  of  this  size  so  the  defi- 
ciency was  made  up  by  using  3-inch  tjle.  Ti  was  found  impossible 
to  lay  the  tile  during  the  summer  season,  owing  to  the  nearness 
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of  the  water  table  to  the  surface  and  the  resulthig  condition  of 
the  subsoil  which  was  too  soft  to  permit  the  digging  of  a  deep 
ditch.  The  work  of  ditching  was  commenced  in  December,  1902, 
and  was  completed  in  February,  1903.  The  cost  of  ditching, 
tiling,  and  all  incidentals  except  the  cost  of  pump  and  water  wheel 
amounted  to  $16.50  per  acre.  The  contract  for  the  tile  delivered 
in  Fresno  was  for  3-inch  tile,  $24  per  thousand,  for  4-inch  tile,$32 
per  thousand,  and  for  6-inch  tile,  $72  per  thousand. 

"At  the  time  of  the  installation  of  the  drains  18  acres  of  the 
land  contained  too  much  alkali  to  produce  a  crop.  Scattered  over 
a  part  of  the  tract  were  small  patches  of  alfalfa  and  an  occasional 
fruit  tree — remnants  of  former  cultivation.  About  the  ist  of  March 
1903,  irrigation  was  commenced.  The  land  was  divided  into  30 
checks  the  size  of  each  check  depending  upon  the  slope  of  the  land. 
The  largest  checks,  those  on  the  level  land,  are  about  2  acres  in 
extent,  while  on  the  steeper  slopes  they  are  less  than  half  an  acre. 
The  object  was  to  divide  the  land  in  such  a  way  that  it  could  all  be 
kept  under  water  to  a  depth  of  4  inches,  and  the  reclamation  was 
to  be  accomplished  by  maintaining  the  water  at  this  depth  until 
enough  alkali  had  been  washed  out  of  the  soil  through  the  drains 
to  enable  a  crop  to  be  grown. 

"During  the  progress  of  flooding  many  difficulties  were  met, 
among  them  that  of  keeping  the  tiles  from  partially  filling  with 
sand  and  silt.  Precaution  was  taken  in  laying  the  tile  to  put 
them  in  so  that  the  joints  would  be  close.  Hay  was  thrown  over  the 
tile  in  the  ditch  before  covering  with  earth  and  a  ridge  of  earth 
was  thrown  up  to  prevent  the  water  from  standing  directly  over 
the  drains.  In  spite  of  these  precautions  the  soil,  which  is  very 
light,  was  so  easily  moved  by  water  that  it  seemed  to  enter  the 
joints  almost  as  readily  as  the  water.  This  resulted  in  some  of 
the  drains  becoming  clogged  and  it  was  necessary  to  relay  a  portion 
of  the  tile.  After  the  land  had  been  once  thoroughly  soaked  and 
had  settled,  no  difficulty  was  experienced  from  filling  of  the  drains 
and  it  is  to  be  hoped  that  there  will  be  no  further  trouble  from 
this  source.  Most  of  the  trouble  was  with  the  3-inch  tile  which  is 
admittedly  too  small  for  use  in  soils  of  the  light  and  silty  character 
of  the  Toft-Hansen  field.  It  is  thought  that  there  will  be  more  or 
less  silting  up  of  the  tiles  whenever  they  are  used  in  the  sandy  and 
white   ash   soils  of  the   Fresno   district  and   it  was   recommended 
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that  every  possible  precaution  be  taken  in  putting  them  in.  Much 
Of  the  trouble  may  be  obviated  by  using  no  tile  smaller  than  4-inches^ 
or  preferably  6  inches  in  diameter,  and  by  giving  the  laterals  such 
fall  that  the  velocity  of  the  water  will  be  great  enough  .to  wash 
out  the  sand  as  rapidly  as  it  enters  the  joints.  The  tiles  on  the 
Toft-Hansen  tract  have  a  fall  of  i  in  i,ooo  and  the  velocity  of  the 
water  flowing  through  them  is  not  sufficient  to  remove  the  sand. 
With  a  fall  of  i  in  500  the  velocity  is  great  enough  to  remove 
practically  all  of  the  soil  as  fast  as  it  enters. 

"To  prevent  entirely  the  clogging  of  the  tile  withi  sand  and  to 
insure  the  removal  of  roots  should  any  chance  to  enter,  it  is  thought 
advisable  to  place  in'  all  tiles  a  quarter  inch  galvanized  strand- 
wire  rope.  Then  two  or  three  times  a  year,  or  oftener  if  necessary^ 
a  wire  brush  should  be  dragged  through  the  tile  in  order  to  cut  out 
all  ropts  and  stir  up  the  sand  and  silt.  Wire  rope  of  this  kind  can 
be  bought  for  about  i  cent  a  foot.  Six-inch  and  8-inch  drains 
have  been  in  operation  for  twelve  years  in  the  Sunnyside  vineyard 
and  have  been  kept  in  perfect  condition  in  this  way.  From  the 
experience  gained  the  Bureau  can  unhesitatingly  recommend  tile 
for  drainage  purposes  provided  proper  precautions  are  taken  in  its 
installation. 

"On  July  15,  1903,  after  four  and  a  half  months  of  irrigation, 
an  examination  was  made  of  the  tract  to  determine  what  percentage 
of  the  land  was  sufficiently  sweetened  to  grow  a  crop.  This  ex- 
amination indicated  that  all  of  the  land,  with  the  exception  of  small 
spots  amounting  in  the  aggregate  to  less  than  2  acres,  was  then 
ready  for  a  crop.  Most  of  it  was  sufficiently  freed  from  alkali  to  war- 
rant the  sowing  of  alfalfa  but  as  midsummer  is  not  the  best  time  of 
the  year  for  seeding  that  crop,  sorghum  and  Egyptian  clover  were 
put  in  instead.  These  crops  will  mature  by  fall  if  the  supply  of 
irrigation  water  does  not  fail,  and  in  the  winter  the  land  will  be 
seeded  to  alfalfa.  The  small  spots  which  are  not  yet  ready  for 
alfalfa  are  rapidly  approaching  that  condition  and  will  be  ready  for 
a  crop  during  the  coming  winter.  Thus  it  will  be  seen  that  prac- 
tically all  the  land  in  this  20-acre  tract  has  been  returned  to  a  state 
of  profitable  cultivation  in  a  period  of  four  and  a  half  months  after 
irrigation  was  commenced,  and  the  statement  seems  justified  that 
any  alkali  land  in  the  Fresno  district  can  be  brought  into  profitable 
cultivation  in  less  than  one  year's  time  the  two  requisites  for  this 
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being  under-drainage  and  a  copious  supply  of  water  for  irrigation. 
"While  the  Bureau  considers  the  land  of  the  Toft-Hansen  field 
practically  reclaimed  at  the  present  time  the  demonstration  will  be 
continued  until  a  satisfactory  stand  of  alfalfa  is  secured." 


EXPERIMENTS   TO    DETERMINE   THE   EFFECTS   OF 

ALKALI. 

An  inspection  of  the  plates  will  show  plainer  than  words  the 
results  of  these  experiments.  In  explanation  it  may  be  said  that 
the  soil  used  was  the  best  soil  of  the  Montana  Experiment  Station 
farm.  Where  the  word  "blank"  is  used,  it  indicates  that  the  soil 
alone  was  present,  while  in  each  of  the  other  pots,  the  soil  had  added 
to  it  an  amount  of  alkali,  in  percentage  of  its  own  weight,  as  desig- 
nated. 

The  presence  of  magnesium  sulphate — epsom  salt — in 
<iuantity  up  to  one  per  cent  has  apparently  no  ill  effect  upon  the 
growth  of  alfalfa. 

The  limiting  quantity  of  sodium  sulphate — Glaubers'  salt — ^for 
alfalfa  seems  to  be  about  seven-tenths  of  one  per  cent. 

With  a  mixture  of  two-thirds  sodium  sulphate  and  one-third 
magnesium  sulphate,  which  in  these  experiments  is  termed  "mix- 
ture", and  which  represents  very  closely  the  composition  of  Montana 
alkali,  the  limiting  quantity  appears  to  be  about  the  same  as  with 
sodium  sulphate  alone. 

It  should  be  said  that  these  experiments  were  conducted  with 
great  care,  the  purpose  being  to  eliminate  every  adverse  condition 
except  that  imposed  by  the  presence  of  the  "alkali".  Especially 
was  it  provided  that  a  sufficient  quantity  of  water  should  always  be 
present.. 

In  this  connection  it  may  be  stated  that  the  presence  of  alkali 
was  observed,  in  another  series  of  experiments,  to  very  materially 
increase  the  draught-resistant  powers  of  the  plants  under  investiga- 
tion. 

IMates  IV  and  V.  ilhistrating  the  results  of  experiments  with 
oats,  wheat,  barley  and  timothy,  tend  to  show  that  the  danger  limit 
for  alkali  of  the  character  of  that  found  in  Montana,  is  above  one 
per  cent. 
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DISCUSSION  OF  TABLES. 

In  the  tables  of  analyses  accompanying  this  bulletin  are  given 
the  results  of  the  work  done  in  various  parts  of  the  State  since  the 
publication  of  Bulletin  No.  i8. 

Samples  were  taken  with  a  soil  auger  making  a  one  and  three- 
quarter  inch  hole,  the  auger  bit  being  welded  into  a  section  of 
quarter  inch  gas  pipe,  attached  to  a  proper  handle.  Ad- 
ditional sections,  each  three  feet  long,  were  easily  added 
to  the  auger.  With  this  instrument  it  was  ppssible,  except  in  rare 
cases,  to  tak^  samples  to  a  depth  of  eighteen  feet  or  more.  These 
samples  were  sacked  and  labeled  in  the  field  and  forwarded  to  the 
chemical  laboratory  for  analysis. 

The  results  of  analysis  are  stated  in  terms  of  chlorine,  sodium 
sulphate  and  sodium  carbonate. 

Complete  analyses  of  the  soils  were  made  only  on  rare  occasions 
when  some  particular  object  demanded  this  additional  work. 

The  chlorine  proved  to  be  very  constant  in  amount  in  the 
various  soils  and  it  was  concluded  that  there  was  no  particular  im- 
portance to  be  attached  to  its  presence. 

The  alkalinity  of  the  soil  was  attributed  to  sodium  carbonate 
and  calculated  as  such,  even  though  it  was  conceded  that  the  bi- 
carbonate might  have  caused  the  alkalinity  especially  at  some  depth. 
The  point  of  importance,  however,  and  that  to  be  kept  in  mind,  is 

* 

that  when  the  bi-carbonate  reaches  the  surface  it  quickly  changes 
into  the  harmful  carbonate,  hence  the  presence  of  the  bi-carbonate 
in  the  soil  water  is  a  constant  menace. 

As  has  been  previously  stated,  the  question  of  the  presence  of 
carbonate  in  the  soils  of  Montana  has  not  except  in  one  or  two  in- 
stances, proven  to  be  of  a  serious  one  because  of  its  small  quantity. 

It  is  to  the  sodium  sulphate  that  we  are  to  look  for  the  cause  of 
the  injurious  effects  to  our  crop  in  alkali  regions  in  our  state.  In 
the  column  giving  the  percentage  of  sodium  sulphate  present  are 
given  not  sodium  sulphate  alone,  but  the  equivalent  in  sodium 
sulphate  of  all  the  other  sulphates  present.  This  is  done  because 
repeated  analyses  from  different  sections  showed  that  sulphate  was 
the  predominant  salt  of  Montana  alkali. 

Comments  are  made  on  a  number  of  samples  to  serve  as  a 
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basis  for  the  treatment  of  any  particular  soil  in  which  the  reader 

is  interested. 

Samples  Nos.  1069  to  1072,  inclusive,  from  Alex.  ProfFit,  Manhattan. 

These  show  a  remarkable  condition  to  exist,  namely,  a  gocv! 
growth  of  grass,  mainly  blue  stem,  where  the  percentage  of  alkali 
is  so  great  as  to  be  deemed  fatal  to  any  crop.  Nearly  two  and 
a  half  per  cent  in  the  surface  foot,  with  one  per  cent  in  the  second 
foot  would  be  considered  by  many  to  be  absolutely  fatal  to  plant 
life,  but  here  we  have  the  facts. 

No.  1073. — From  same  field  as  above:  Grass  very  much  poorer,  no 
sign  of  alkjili  on  the  surface,  and  only  twenty-eight  thousandths 
of  one  per  cent,  sodium  sulphate  in  the  surface  foot.  Evidently 
some  other  reason  than  the  presence  of  alkali  must  be  sought  10 
explain  the  anomalous  condition.  Is  it  that  even  though  on  lower 
ground  than  the  previous  plat,  and  yet  dry,  that  there  was  a  snffi- 
cient  difference  in  its  texture  to  account  for  its  dry  condition,  while 
the  other  sample  was  moist?  These  examples  show  how  many  sided 
is  the  problem  before  us,  and  how  dangerous  it  is  to  lay  down  any 
definite  rules  until  the  whole  ground  has  been  carefully  studied 
from  every  possible  point  of  view. 
No.    1074.    Ditch  east  of  the  College. 

This  example  is  cited  principally  to  show  how  much  salt  may  be 
present  in  the  soil  and  yet  not  reach  the  surface.  Over  one-half 
per  cent  is  present  in  this  soil,  yet  there  is  no  indication  at  the  sur- 
face of  its  presence.  The  land  has  never  been  irrigated  but  even 
if  it  had  been  the  drainage  is  so  perfect  that  no  accumulation  of  al- 
kali would  take  place.  , 

Nos.  1075  to  1097  inclusive,  from  the  Chas.  M.  Bair  ranch.  Canyon 
Creek,  Yellowstone  County. 

This  soil  shows  the  presence  of  a  relatively  small  amount  of  al- 
kali down  to  a  depth  of  seven  and  one-half  feet,  so  little  in  fact  that 
were  it  all  concentrated  in  the  surface  foot  it  would  only  amount  to 
three-tenths  of  one  per  cent,  too  little  to  harm  crops.  From  this 
point  downward  an  equal  distance,  is  found  a  very  striking  concen- 
tration of  salts,  and  so  great  is  the  quantity,  that  if  all  the  salts  in 
the  second  ninety  inches  were  collected  in  a  single  foot  it  would 
amount  to  over  six  per  cent,  or  more  than  twenty  times  as  much  as 
is  present  in  the  upper  ninety  inches.  Evidently  any  process  of  irri- 
gation in  which  care  is  taken  to  avoid  a  deep  penetration  of  the  water 
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applied,  while  at  the  same  time  efforts  are  put  forth  to  prevent  a  rise 
of  the  ground  water,  will  prove  successful  as  long  as  it  attains  the 
two  objects  aimed  at.  This  ranch  ought  never  to  become  "alkaline." 

Nos.  1098  to  I  III  inclusive.    Hesper  Farm,  Yellowstone  County. 

The  samples  from  the  two  fields  included  in  this  series  are 
chiefly  interesting  from  the  fact  that  the  alkali  is  present  in  very- 
small  amounts  even  though  irrigation  has  been  practiced  here  for 
many  years  and  in  the  face  of  the  fact  that  very  large  amounts  of 
alkali  are  known  to  be  concentrated  at  depths  of  ten  to  eighteen  feet 
in  the  virgin  soil  of  this  section.  The  apparent  immunity  of  these 
fields  is  due  to  reasons  already  pointed  out. 

Nos.  1140  to  II 53  inclusive.    The  P.  B.  Moss  ranch,  near  Billings. 

The  samples  representing  the  soil  in  two  portions  of  the  same 
ranch  are  chiefly  interesting  in  showing  the  small  quantity  of  alkali 
at  the  surface  as  compared  with  that  contained  at  greater  depths.  In 
a  case  of  this  kind  constant  attention  is  needed  to  prevent  the  rise  of 
alkali  and  of  ground  water.  All  the  elements  necessary  to  cause 
infinite  trouble  are  here  present  and  it  is  to  be  avoided  only  by  con- 
tinuous effort.  As  a  matter  of  fact,  large  portions  of  lower-lying 
ground  on  this  ranch  are  already  destroyed  by  the  combined  effects 
of  excess  of  alkali  and  of  moisture. 

Nos.  968  to  974.    Gird  Creek.    Bitter  Root  Stock  Farm.     Gilchrist 
ranch. 

Here  is  the  nearest  approach  to  black  alkali,  both  in  its  compo- 
sition and  its  effects,  that  we  have  found  in  Montana.  It  has  a  dis- 
tinctly injurious  effect  upon  crops  which  have  been  tried  upon  it. 

Nos.  927  to  929.    Three  Forks. 

This  is  in  its  composition  a  typical  "black  alkali"  soil  also,  but 
being  in  a  non-cultivated  section,  its  actual  effects  upon  an  ordinary 
crop  could  not  be  observed.  What  this  effect  would  probably  be, 
however,  is  indicated  by  the  deep  colored  solution  yielded  by  the  soil 
when  leached  with  water.  This  color  is  due  to  the  solvent  effect  of 
the  alkaline  solution  upon  the  humus  of  the  soil  and,  of  course,  it 
would  have  a  like  solvent,  and  consequently  damaging  effect  upon 
growing  vegetation. 

Nos.  1 7 13  to  1724.     Samples  from  Poplar,  Montana. 

These  samples  are  mainly  interesting  as  showing  the  location 
of  the  "Zone  of  Concentration"  of  the  alkali  and  as  indicating  the 
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course  to  follow  in  treatment  of  the  land. 
Nos.  1725  to  1744. 

These  samples  were  taken  from  various  points  in  the  Milk  River 
Valley  many  or  all  of  which  are  involved  in  the  ''Milk  River  Irriga- 
tion Project."  All  samples  taken  in  this  region  have  shown  a  con- 
centration of  salts  principally  at  a  depth  of  from  four  to  six  feet. 
With  the  advent  of  a  plentiful  supply  of  water  the  danger  of  concen- 
trating this  alkali  at  the  danger  point,  that  is,  in  the  surface  foot, 
becomes  imminent,  and  we  strongly  urge  the  most  careful  attention 
to  the  rules  laid  down  in  this  bulletin. 

As  has  been  previously  stated  only  a  few  of  the  analyses  made 
could  be  discussed  in  a  bulletin  of  this  nature.  However,  in  case 
of  a  special  interest  on  the  part  of  any  of  the  readers  of  this  bulletin, 
in  a  particular  soil,  we  are  willing  to  answer  any  question  concerning" 
it  that  may  arise. 

My  thanks  are  due  Mr.  Edmund  Burke,  Assistant  Chemist,  for 
invaluable  aid  in  collecting  samples,  and  for  the  work  done  in 
analyzing  the  greater  part  of  the  samples. 

CONCLUSION. 
The  Montana  farmer  has  the  control  of  the  alkali  question  entire- 
ly in  his  own  hands,  and  whether  his  farm  shall  be  abandoned  as 
worthless,  or  made  to  **blossom  as  the  rose"  and  yield   crops    of 
enormous  size,  rests  entirely  on  his  intelligent  management. 


Experiments  with  alfalfa  showing  the  effects  of  different 
proportions  of  magnesium  sulphate. 


Experiments  with  alfalfa  showing  tfie  effects  of  different 
proportions  of  sodium   sulphate. 


Experiments  with  alfalfa  showing  the  effects  of  different 
proportions  of  "mixture." 


j/ith  oats   showing  the  effects   of   different  proportions  of 
"mixture." 


PLATE  IV.     Experiments  with  wheat  showing  the  effects  of  different 
proportions  of  "mixture." 


Experimenls  with  barley  showing  the  efiects  of  various  proportions  of 
"mixture." 


i^i'    '.  i 


PLATE  V.     Experiments  with  timothy  showing  the  effects  of  different 
proportions  of  "mixture." 
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THE  ELM  nEALY-BUa. 


Phcnacoccus  dcamcssi  King. 

While  searcliing  for  cocoons  of  the  codling  moth  under  scales 
of  bark  of  apple  trees  in  Missoula  in  January,  1902,  numerous  cot- 
tony masses  were  found  secreted  under  the  scales  and  not  visible 
t-xcept  when  the  scales  are  picked  off.  These  cottony  masses  con- 
tained the  eggs  and  adults  of  a  mealy-bug  which  I  have  referred  to 
rUcnacocats  dcariicssi  King.  Specimens  were  sent  to  Prof.  T. 
D.  A.  Cockerell,  the  American  aiitliority  on  these  insects,  and  he 
leplied  that  it  appeared  to  be  this  species  and  on  comparing  it  with 
the  descriptions  his  conclusion  was  found  to  be  correct. 
■  On  April  30th  in  the  .same  vicinity  in  Missoula,  numerous  mealy- 
>iugs;  which  later  were  found  to  be  the  same  species,  were  found 
closely  packed  on  elm  buds  which  at  that  date  were  greatly  swollen 
and  about  to  open.     .See  Fig-,  i,  i-     During  the  remainder  of  the 


Fig.  1.  The  Elm  Mealy  Bugt  1.  Mealy  bugs  at  bases  of  buds  of  elm  Id 
spring  ot  tbe  year,  natural  size;  2.  adult  female  from  beluvv,  enlargeil;  3, 
iag  of  female,  enlarged:  4,  anienna  of  female,  enlarged;  5,  newly  hatched  lar- 
va, enlarged:  6,  egg,  enlarged. 
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season  of  1902  and  in  1903  the  species  was  commonly  seen  both-on 
the  apple  and  the  elm  at  Missoula. 

On  making  inquiry  I  learned  from  Mr.  C.  F.  Dallman,  proprietor 
of  the  Missoula  nursery  that  this  insect  has  at  times  been  so  abun- 
dant on  the  limbs  and  trunks  of  elms  as  to  cause  the  leaves  to 
wither.  From  the  foregoing  it  appears  that  while  the  insect  w-as 
originally  found  on  the  apple  at  Missoula  it  is  more  particularly  a 
pest  of  the  elm  and  that  on  that  desirable  shade  tree  it  is  capable  of 
becoming  a  serious  pest.  So  far  as  the  notes  in  this 
office  show,  we  have,  beside  this  mealy-bug,  only  one  serious 
pest  of  elms  in  Montana.  This  is  the  aphis  which  lives  on  the 
leaves  causing  them  to  curl  and  become  deformed. 

* 

HISTORY  OF  THE  SPECIES. 

PJienacoccus  dcarmssi  was  originally  described  by  Mr.  Geo.  B. 
King.  Mr.  John  Dearness  collected  the  original  specimens  from  an 
old  hawthome  tree  near  London,  Ontario.  The  species  has  not 
been  heard  of  since  Mr"  King's  mention  of  it  in  Volume  33  of  the 
Canadian  Entomologist  until  this  writing. 

A  RELATED  SPECIES. 

This  mealy-bug  is  a  member  of  the  family  of  bugs  scientifically 
known  as  Coccidac.  To  this  family  belong  the  true  scale  in  sects., 
soft  scales,  cottony  cushion  scale,  the  cochineal  insect,  and  the  lac 
msect.  Altogether  they  form  a  very  large  and  important  group, 
there  being  upward  of  one-thousand  five  hundred  species  known  to 
science.  Another  species  in  the  same  genus  as  the  one  that  is  the 
subject  of  this  paper,  has  been  injurious  on  maples  in  the  eastern 
part  of  the  United  States.  This  species  (P.  accricola  King)  has 
about  three  broods  during  the  year  and  does  its  damage  by  suckincr 
the  juices  out  of  the  leaves.  The  cottony  masses  on  the  under  side 
of  the  leaves  are  conspicuous  objects  and  where  the  insects  become 
abundant  thev  cause  the  leaves  to  become  vellowish  and  sicklv  or 
drop  off  prematurely.  The  wmter  is  passed  by  the  young  nymphs 
which  secrete  themselves  in  the  crevices  of  the  bark  and  there  re- 
main dormant.  In  the  spring  becoming  active  again  they  crawl 
to  the  leaves. 
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HABITS  OF  THE  ELM  MEALY-BUG, 

We  have  learned  but  little  of  the  life-history  of  the  species  found 
St  Missoula  but  it  is  probable  that  it  is  similar  to  that  of  the  maple- 
inhabiting  species.  However,  it  is  plain  from  our  observations  that 
at  least  a  part  of  the  insects  remain  on  the  trun^<  of  the  apple 
throughout  the  summer.  In  fact,  though  we  were  often  in  the  orch- 
<ird  in  -Missoula  where  this  insect  occurred  in  1902,  frequently  run- 
ning across  clusters  of  the  insects  under  the  scales  of  bark,  we  did 
not  in  a  single  instance  find  any  of  them  on  the  leaves.  Occasionally 
we  found  the  partly  grown  female  insects  crawling  about  the  limbs 
and  twigs  but  never  attached  and  feeding  except  on  the  trunk.  Un- 
der the  scales  of  bark  the  insects  were  invariably  found  under  the 
rewly  formed  scales  where  the  bark  was  of  a  light  color  and  thin. 

The  habit  of  the  females  in  the  spring  of  the  year  to  cluster 
about  the  buds  of  the  elm  as  shown  in  the  accompanying  figure,  is 
a  prominent  one  though  we  did  not  detect  any  injury  done  in  this 
way.  As  the  female  insect  feeds  and  grows  she  produces  a  very 
light  and  soft  cottony  mass  about  herself  which  is  pure  white.  On 
coming  to  maturity  the  insect  deposits  her  eggs  in  this  cottony 
mass.  When  the  young  hatch  from  the  eggs  they  work  their  way 
to  the  surface  and  go  oflf  to  find  a  suitable  place  to  se<:ure  food. 

CONFUSED  WITH  THE  WOOLLY  APHIS. 

It  is  a  well  known  habit  of  the  areal  form  of  the  woolly  aphis  to 
settle  on  newly  made  scars  on  the  trunks  of  apple  trees  taking  their 
nourishment  through  the  tender  tissues  to  be  found  there.  This 
mealy-buc:  was  found  affecting  apple  trees  in  the  same  manner.  So 
similar  are  the  cottony  masses  of  the  two  insects  that  the  writer 
^*  -^.s  able  to  be  sure  of  the  identity  of  the  mealy-bug  only  by  break- 
'.v,j;  apart  the  flocculent  matter  and  examining  the  bodies  them- 
selves. 

DESCRIPTIONS. 

The  male  and  female  mealy-bug  arc  very  unlike  in  appearance. 
The  male  is  very  delicate  and  has  long  transparent  wings,  long  legs, 
and  long  antennae.  Its  size  is  much  less  than  that  of  the  female 
which  is  about  }i  of  an  inch  long.     With  all  secretions  removed 
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the  body  of  the  female  is  yellowish  in  color.  The  legs  and  antennae 
are  short  and  there  are  no  wings.  The  female  walks  very  slowly. 
A  technical  description  of  the  species  is  not  given  here  but  may 
be  found  on  page  i8o,  of  Vol.  XXXIII,  Canadian  Entomolotjist. 
1901. 

REMEDIES. 

This  pest  may  be  controlled  by  the  use  of  soap  or  kerosene 
washes  applied  to  the  trunks  of  the  trees  during  the  winter  season. 
Its  complete  destruction  will  be  facilitated  by  scraping  off  the  loose 
outer  bark  before  applying  the  wash.  Kerosene  emulsion  and  soai> 
washes  have  been  discussed  in  previous  publications  of  this  de- 
partment of  the  Experiment  Station. 


THE  STRAWBERRY  CROWN-QIRDLER. 

Otiorhynchus  ovatus  Linn. 

The  strawberry  crown  girdler  was  brought  to  the  writer's  atten- 
tion as  a  pest  in  Montana  in  the  summer  of  1899  and  since  that 
time  has  been  the  subject  of  much  interest  in  this  office.  The  econ- 
cmic  and  biological  features  have  been  closely  studied,  but  while 
we  now  make*  a  report,  it  is  not  because  we  have  learned  all  that 
we  might  on  these  subjects.  More  work  might  be  done  on  the 
evasive  problems  connected  with  the  life-history  and  methods  of  con- 
trolling the  insect,  but  having  reached  a  point  w^here  recommenda- 
tions suggest  themselves,  it  seems  desirable  to  publish  what  inform- 
ation we  have  secured.  We  shall  at  the  same  time  review  the  work 
of  previous  writers. 

During  the  summer  of  1902  observations  of  considerable  value 
were  made  on  the  natural  history  of  the  species  both  in  the  field 
and  in  the  laboratory,  and  again  in  1903  facts  of  some'  value  were 
secured.  During  the  past  summer  (1904)  Mr.  Burle  J.  Jones,  a 
graduate  of  the  Montana  Agricultural  College  and  a  thorough  stu- 
dent of  entomology,  was  stationed  by  this  office  at  Missoula  for  the 
purpose  of  collecting  insects  and  observing  the  habits  of  certain 
pests.  He  was  informed  of  the  status  of  our  knowledge  of  this 
insect  and  instructed  to  closely  observe  its  habits  in  order  to  verify 
our  previous  notes  and  if  possible  to  secure  new  facts.  Because  of 
the  fact  that  we  were  unable  to  have  Mr.  Jones  in  the  field  early  iit 
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the  season  and  to  keep  him  there  until  the  close  of  the  season,  we 
did  not  have  an  opportunity  to  determine  the  number  of  broods  of 
the  beetle  nor  the  stage  in  which  most  of  the  insects  pass  the  win- 
ter. Mr.  Jones  made  the  observations  on  the  effects  of  spraying 
with,  and  dipping  in,  arsenate  of  lead,  and  very  carefully  studied  the 
habits  of  the  insects  during  the  three  and  a  half  months  of  his  stay 
at  Missoula. 

GEOGRAPHICAL  DISTRIBUTION. 

The  strawberry  crown  girdler  is  an  introduced  species,  having 
come  to  this  continent  in  all  probability  from  Europe.  It  is  known 
to  occur  in  Europe  and  Siberia.  In  the  United  States  it  has  been 
found  from  the  Atlantic  coast  west  to  the  state  of  Washington. 
The  most  southerly  points  at  which  it  has  been  recorded  are  Alle- 
^rhany.  Pa.,  and  Santa  Fe,  New  Mexico.  Both  of  these  points  are 
just  within  the  southern  boundary  of  the  transitional  life-zone  and 
it  is  probable  that  this  beetle  finds  its  southern  limit  at  about  the 
line  between  the  transitional  and  upper  austral  life-zones. 

From  the  list  of  places  given  below,  where  the  beetle  has  been 
recorded,  it  will  be  seen  that  though  of  foreign  origin,  this  insect  has 
become  widely  and  generally  distributed.  Being  entirely  without 
wings  it  is  dependent  upon  outside  agencies  for  transportation  ex- 
cept over  such  short  distances  as  it  can  cover  by  walking.  More 
will  be  said  about  the  means  of  distribution  in  a  later  paragraph. 

The  following  is  a  list  of  the  records  of  the  distribution  of  the 
strawberry  crown-girdler. 

Massachusetts,  1852,  Henshaw.  Cambridge,  Mass.,  1865,  Hen- 
shaw.  Cambridge,  Mass.,  1874,  Henshaw.  Wyoming,  Mass.,  1874, 
Henshaw.  Alleghany,  Pa.,  1875,  Wickham.  Detroit,  Mich.,  1878, 
Wickham.  Hanover,  X.  H.,  1880,  Henshaw.  RuflFalo,  N.  Y.  1882  (?) 
Wickham.  New  York,  1884,  Lintner.  "Southern  Michigan,"  a1>out 
1882  or  1883,  Weed.  Ottawa,  Canada,  1884,  Harrington.  Iowa  City, 
Iowa,  **not  later  than  1886,"  Wickham.  Nova  Scotia,  1880.  Chica- 
go, 111.,  i889Wayne  Co.,  Ohio,  1892.  Quebec,  Canada,  1892.  Indiana, 
iSg2.  New  Jersey.  Laramie,  Wyoming,  1893,  Wickham.  Santa 
Fe,  New  Mexico,  1894,  Wickham.  Minnesota,  1895,  Lugger.  Mis- 
soula, 1897,  Wilcox.  Bozeman,  Montana,  1899,  Cooley.  Helena, 
Montana,  1904,  Cooley.  Lake  Washington,  Wash.,  1904,  Melander 
(in  Lit:) 
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COMMON  NAMES. 

This  insect  has  been  known  in  Mont,  under  the  name  of  straw-ber- 
ry-weevil, but  since  there  are  a  number  of  other  weevils  that  prey  up- 
on the  strawberry,  it  would  be  advisable  to  use  the  more  specific  name 
iirst  adopted  by  Prof.  Weed,  viz.:  "The  Strawberry  Crown  Girdler." 
In  a  reference  in  Insect  Life  (Vol.  V,  page  46)  it  is  stated  that  in 
some  localities  the  insect  is  known  as  the  "graveyard  bug."  Profes- 
sor Wickham,  writing  in  Societas  Entomologica  (IX,  page  131, 
J 894),  states  that  Dr.  Hamilton  writing  to  him  from  Alleghany, 
Pa.,  stated:  "I  took  this  beetle  in  a  cemetery  here  in  1875  and  it 
was  then  apparently  abundant.  A  couple  of  years  afterwards  it  was 
excessively  so  in  the  same  cemetery  but  now  (1894)  much  less  com- 
mon than  formerly."  It  may  be  that  the  beetle  contracted  the  name 
of  "graveyard  bug"  from  its  occurrence  in  the  cemeteries  of  Alle- 
ghany as  here  quoted,  but  the  literature  does  not  make  this  point 
clear.  There  can  be  no  reason  why  the  insect  should  occur  more 
abundantly  in  graveyards  than  elsewhere.  Dr.  Lugger'  in  his  short 
account  of  the  beetle  in  Bulletin  66  of  the  Minnesota  Experiment 
Station  (1899)  uses  the  common  name,  "The  Pitchy-Legged  Otio- 
rhynchus."  This  name  is  obviously  less  desirable  than  "The  Straw- 
berry Crown  Girdler." 

FOOD  PLANTS. 

The  following  is  a  list  of  the  plants  on  which  this  beetle  feeds  as 
fchown  by  the  literature  of  the  species:  borage  (Cook),  muskmellon 
(Webster),  strawberry  (Weed),  currant  (Mrs.  Wickham),  roots 
of  blue  grass  (Webster),  apple  (?)  (Lugger).  The  writer  has  found 
the  larvae  feeding  on  the  roots  of  Potentilla  gland^dosa,  a  plant  not  dis- 
tantly related  to  the  strawberry,  and  has  found  the  beetles  hiding 
in  abundance  in  the  stools  of  this  plant.  The  species  was  also  taken 
feeding  in  the  adult  stage  on  the  foliage  of  raspberry.  Mr.  Burle 
Jones  found  the  roots  of  the  plant  commonly  known  as  the  "big 
root"  or  "balsam  root"  {Balsamorhiza  sagatata)  to  be  commonly  at- 
tacked. He  found  fully  one  hundred  weevils  about  one  plant  of 
this  species  and  saw  abundant  signs  of  their  attacks  in  other  plants 
of  this  kind.  Mrs.  Williams  of  Missoula  reports  having  found  the 
larvae  in  great  abundance  on  the  roots  of  timothy  grass. 
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As  affecting  the  methods  of  controlling  the  ravages  of  this  pest 
a  knowledge  of  the  food  plants  it  is  of  great  importance.  More  will 
be  said  on  the  subject  under  the  head  of  remedies. 

Only  scattered  observations  on  the  feeding  habits  have  been  made 
as  recorded  above,  but  various  writers  have  suggested  that  it  is 
probable  that  the  species  feeds  on  a  large  variety  of  plants.  Our 
observations  bear  out  this  belief.  The  food  plants  above  recorded 
are  widely  scattered  through  the  vegetable  kingdom  and  it  would 
not  be  surprising  to  find  in  a  complete  list,  if  such  a  list  could  be 
obtained,  a  very  large  number  of  widely  differing  plants. 

Further  observations  on  the  feeding  habits  of  this  beetle  in  dif- 
ferent parts  of  the  United  States  are  very  desirable  and  might 
prove  to  be  of  great  value. 

INJURIOUSNESS. 

In  only  two  localities  in  this  state  has  this  pest  become  noticeably 
destructive,  so  far  as  we  are  informed.  These  two  places  are  in 
Missoula  Co.,  one  being  on  the  farm  of  Mr.  Chas.  Williams  in  the 
Rattlesnake  Valley  north  of  Missoula,  and  the  other  at  the  place  of 
IMr.  England  west  of  the  city.  At  Mr.  England's  place  the  beetles 
v\ere  very  injurious  about  five  years  ago  and  drove  him  out  of  the 
business.  He  gave  up  attempting  to  grow  strawberries  for  a  period 
of  four  years,  and  then  Mrs.  England  in  the  spring  of  1904  set  out 
a  new  bed  not  far  from  the  old  patch.  So  far  as  the  experience  of 
1904  shows,  no  beetles  are  on  the  place.  An  explanation  of  this 
present  freedom  from  the  pest  offers  itself  and  is  discussed  under 
the  head  of  remedies. 

At  the  Williams  place  the  beetles  have  prevented  the  profitable 
growing  of  strawberries  for  about  eight  or  ten  years.  Great  credit 
IS  due  to  these  people  for  the  persistence  with  which  they  have  tried 
to  overcome  the  pest.  They  have  studied  its  habits  both  out  of  doors 
and  in  cacfcs  in  the  house  and  are  remarkablv  familiar  with  its 
haunts  and  wavs.  Thev  have  moved  their  strawberrv  beds  from 
cue  place  to  another  all  over  their  largo  and  beautiful  ranch  and  have 
invariably  confronted  the  pest  in  each  new  spot.  They  have  tried 
every  means  of  control  within  their  reach  and  have  showed  much  in- 
genuity in  their  campaign  but  always  at  the  time  when  the  berries 
should  be  growing  and  coming  to  maturity,  the  vines  gradually 
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weakened,  because  of  the  grubs  at  the  root,  and  they  harvested 
very  poor  crops.    The  beetle  has  shown  itself  capable  of  wiping  out 
the  strawberry  industry  in  the  territory  in  which  it  operates.     Up 
to  this  time  we  have  been  powerless  to  check  its  ravages. 

Fortunately  it  spreads  very  slowly  or  else  is  closely  confined  to 
certain  soil  conditions.     It  has  been  a  matter  of  much  interest  to  us 
that  on  the  farm  adjoining  that  of  Mr.  Williams,  just  across  the  road 
and  an  irrigating  ditch,  strawberries  have  been  grown  very  success- 
fully.   On  one  occasion  I  entered  this  field  and  found  very  luxurious 
foliage  and  saw  the  pickers  harvesting  a  full  crop  of  berries,  while 
at  the  Williams  place  the  crop  was  destroyed.     After  five  years* 
experience  with  the  insect  we  feel  warranted  in  saying  that  it  is  pro- 
bable that  it  is  quite  definitely  confined  in  restricted  localities  and 
that  excessive  injury  will  result  only  when  it  is  attempted  to  grow 
strawberries  in  these  Idealities.    In  driving  up  the  Bitter  Root  valley 
in  the  summer  of  1902,  I  stopped  by  the  road  and  collected  insects. 
It  developed  that  I  was  in  the  midst  of  a  colony  of  this  beetle. 
Masses  of  their  dead  bodies  were  to  be  found  under  pieces  of  bark 
on  the  ground.       So  far  as  I  was  able  to  learn  no  one     has     ever 
grown  strawberries  within  several  miles  of  this  spot.    The  limits  of 
this  colonv  were  not  far  off  and  bevond  the  limits  no  beetles  were 
found.    The  fact  that  the  species  is  gregarious  in  habits  may  in  part, 
but  does  not  fully,  explain  this  marked  tendency  to  live  in  limited 
areas.     Further,  it  may  be  said  that  the  presence  of  the  beetle  in  a 
strawberry  field  in  small  numbers  is  not  necessarily  an  indication  that 
it  will  increase  and  become  injurious.    Though  we  have  found  the 
beetle  in  garden  patches  of  strawberries  in  the  city  of  Missoula  we 
have  never  had  a  complaint  from  that  city. 

It  is  not  a  usual  practice  to  continue  to  grow  strawberries  on  one 
piece  of  ground  year  after  year,  and  though  a  few  specimens  may 
be  brought  into  a  bed  it  is  not  probable  that  they  will  multiply 
with  sufficient  rapidity  to  become  seriously  injurious  before  the  bed 
is  abandoned.  We  believe  that  serious  injury  will  be  done  only 
where  strawberry  beds  arc  planted  on  fields  where  the  beetles  are 
already  present  in  abundance.  Literature  shows  no  record  of  ex- 
tensive injuries  from  this  insect  though  its  possibilites  as  a  pest  have 
been  mentioned. 
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INJURIES  TO  PLANTS  OTHER  THAN  THE  STRAWBERRY. 

It  should  be  borne  in  mind  that  this  beetle,  being  a  very  general 
feeder,  may  develop  into  a  pest  of  various  other  plants.  As  we 
have  mentioned  under  our  discussion  of  food  plants  the  larvae  are 
said  to  feed  voraciously  on  the  roots  of  timothy  grass.  We  may 
therefore  expect  it  to  be  very  injurious  to  crops  of  timothy  that  are 
planted  in  territory  which  it  has  invaded.  There  is  nothing  to  as- 
sure us  that  it  will  not  seriously  injure  various  other  crops. 

NATURE  OF  ATTACK. 

The  adult  beetles  feed  on  the  foliage  of  the  strawberry  and  the 
larvae  feed  on  the  roots.  In  an  old  bed  one  or  more  years  of  age^ 
the  injury  done  to  the  foliage  does  not  appear  to  be  serious  but  on 
newly  set  plants  in  the  spring  or  early  summer,  the  beetles  come  in 
such  numbers,  eating  the  foliage  and  boring  holes  in  the  stems,  as  to 
ciestroy  the  bed  before  it  gets  a  fair  start.  The  experience  of  Mr. 
Williams  has  been  that  during  the  first  summer  when  the  plants 
were  small  and  just  getting  started,  here  and  there  a  plant  would 
be  killed.  The  next  summer  more  would  die  and  in  the  third  sum- 
mer, at  the  time  fruit  is  growing,  many  plants  would  die  owing  to 
the  large  number  of  grubs  at  the  roots.  At  the  time  the  full  crop 
should  be  expected  the  bed  may  be  so  invaded  that  not  more  than 
one  plant  in  ten  to  twenty  of  those  that  were  set  out  is  left. 

The  beetles  eat  irregular  patches  out  of  the  leaves  as  shown  in 
plate  II,  fig.  2.  This  is  a  newly  set  plant  photographed  in  the 
field.  It  is  not  uncommon  to  find  from  fifteen  to  thirty  beetles 
hiding  about  a  single  young  plant. 

The  larvae  feed  on  the  roots  and  kill  the  plants  outright.  A  plant 
that  is  dead  or  nearly  dead  from  this  cause  has  many  of  its  larger 
roots  eaten  oflF  and  is  more  easily  removed  from  the  earth  than  a 
healthy  one.  The  younger  larvae  appear  to  feed  on  the  fine  rootlets 
some  distance  away  from  the  crown  of  the  plant,  and  as  they  grow 
older  they  work  their  way  up  the  roots,  many  of  them  eventually 
leaching  the  crown  or  dense  masses  of  roots  just  beneath  the  crown. 
I  have  never  found  a  larva  of  this  species  really  imbedded  in  the 
crown.  They  seem  to  prefer  the  more  exterior  parts  just  where 
the  roots  arise.  Where  they  feed,  a  powdery  brown  substance* 
their  castings,  is  to  be  seen.  .  They  also  feed  from  the  surface  of  the 
lower  part  of  the  crown  more  or  less  completely  girdling  the  plant. 
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DESCRIPTIONS  AND  NATURAL  HISTORY. 

The  general  appearance  of  the  adult  beetle  is  well  shown  in  the 
accompanying  photographs,  (see  Plate  I,  figs,  i  and  2).  llics-^ 
photographs  are  greatly  enlarged  but  the  beetle  is  also  shov/n  in 
Tatural  size  above  and  to  the  right  of  figure  i.  When  first  em- 
erged the  beetles  are  light  brown  in  color  but  they  soon  take  on  a 
permanent  brownish  black.  The  antennae  are  elbowed  and  are 
slightly  enlarged  at  the  very  tip.  The  shell  of  the  beetl*  is  very 
hard. 

Most  beetles  have  a  pair  of  wings  folded  beneath  the  h'?.rd  horny 
wingcovers  that  overlie  the  abdomen  or  posterior  part  of  the  body, 
but  in  the  case  of  the  beetle  in  question  no  wings  are  present  r4nd 
the  wing-covers  are  grown  together  in  such  a  way  that  they  could 
not  be  raised  as  in  flight  if  the  wings  were  present.  The  beetle 
therefore  is  as  incapable  of  flight  as  a  toad  and  for  locomotion  is 
<lependent  on  walking  or  on  outside  agencies. 

The  adults  are  nocturnal  in  habits  and  gregarrnns.  When  dis- 
turbed they  draw  in  their  legs  and  play  'possum. 

On  examining  the  earth  around  strawberry  plants  aflFected  with  the 
adult  beetles  one  finds  small  open  holes  that  lead  into  the  earth  to- 
ward the  roots.  Carefully  following  these  holes  with  a  straw  or  the 
point  of  a  knife  blade  the  beetles  may  be  found  often  in  considerable 
numbers.  These  holes  often  follow  the  stems  of  leaves  of  plants 
that  are  newly  set,  being  often  just  under  and  parallel  witU  the 
stems.  Other  holes  follow  down  under  small  clods  of  soil  or  otlier 
objects.  Other  beetles  may  be  found  under  partly  covered  leave? 
and  many  may  be  found  scattered  through  the  soil  about  the  root** 
Among  old  plants  they  often  crawl  down  into  the  crown  where  the 
new  and  old  leaf-stems  arise.  In  all  such  places  they  spend  the  day, 
coming  out  to  feed  during  the  night. 

It  appears  that  the  beetles  are  more  or  less  dependent  upon  food 
in  order  that  they  may  develop  ova.  Our  investigations  have  shown 
]  lainly  that  the  beetles  crawl  about  in  the  soil  for  the  purpose  of 
scattering  their  eggs.  On  our  potted  plants  used  for  studying  the 
I'Cctles  we  found  some  eggs  oh  the  surface  of  the  soil  and  a  few  even 
on  the  under  surface  of  the  leaves,  but  we  believe  that  the  normal 
place  for  eg^  deposition  is  in  the  soil.  The  soil  in  the  pots  was 
harder  than  is  natural  for  out-of-door  conditions  and  some  of  the 
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leaves  were  close  to  the  earth.  Many  of  the  eggs  in  the  pot  experi- 
ment were  found  to  be  in  the  burrows  and  in  the  little  cavities  used 
by  the  beetles  as  retreats  from  the  light.  This  habit  of  the  bejtK; 
of  scattering  the  eggs  among  the  roots  is  perhaps  nature's  methoii 
of  making  sure  that  the  very  small  weak  larvae  shall  not  fail  to  se- 
cure food,  for  it  is  very  doubtful  if  the  newly  hatched  young  could 
make  their  way  through  the  soil  to  the  roots. 

The  habit  of  congregating  in  large  numbers  in  darkened  places  is  a 
marked  one  with  this  beetle  and  large  numbers  have  often  been  found 
in  houses  under  carpets  and  in  similar  places.  Mrs.  Williams'  house 
was  invaded  by  them  and  this  peculiarity  has  been  more  often  men- 
tioned in  literature  than  any  other. 

The  gregarious  habit  is  also  shown  when  the  beetles  go  into  hiber- 
nation, for  in  the  spring  of  the  year  under  clods  of  earth,  under 
stones,  boards,  etc.  the  beetles  may  be  found  in  great  abundance. 

THE  EGG  STAGE. 

The  eggs  of  this  beetle  are  very  minute  objects  measuring  only 
about  .25  mm.  long.  The  general  shape  and  'appearance  are  well 
shown  at  figure  4,  plate  I.  When  first  laid  the  eggs  are  milky 
white  but  a  little  later  they  take  on  a  pale  brownish  color. 

We  can  closely  judge  of  the  duration  of  the  tgg  stage  from  the 
following  experiment.  On  May  31st,  1902  I  brought  living  beetles 
from  Missoula  to  Bozeman  and  on  June  2nd  ten  beetles  each  were 
put  on  five  strawberry  plants  in  pots  at  the  Experiment  Station. 
On  June  7th  a  few  eggs  were  found.  The  eggs  became  more  and  more 
abundant  and  on  the  21st  there  were  many  eggs  to  be  found.  The  soil 
was  not  examined  again  until  June  27th  when  a  few  young  larvae 
were  to  be  found.  It  thus  appears  that  about  twenty  days  or  a 
little  less  are  required  for  the  eggs  to  hatch. 

On  June  27th  the  eggs  were  very  abundant  and  it  was  roughly 
estimated  that  there  were  200  eggs  in  one  can.  It  was  impossible 
to  accurately  count  them.  It  will  be  remembered  that  ten  beetles 
were  placed  on  each  plant  and  if  one-half  of  these  were  males,  the 
five  females  laid  at  the  rate  of  forty  eggs  apiece.  In  making  the 
examination,  so  much  of  the  soil  was  removed  from  the  roots  of 
the  plants  that  the  plant  which  had  already  been  weakened  by  the 
attacks  of  the  beetles  could  not  be  kept  alive  longer;  otherwise  it  is 
probable  that  more  eggs  would  have  been  deposited. 
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THE  LARVA. 

The  newly  hatched  larva  resembles  the  older  larva  in  shape  and 
color  but  is  much  smaller,  being  almost  microscopic  in  size.  They 
feed  on  the  fine  rootlets  and  in  a  soft  soil  are  perfectly  at  home,  get- 
ting about  slowly  but  with  ease. 

The  older  larv^a  is  a  conspicuous  object  against  a  back  ground  of 
dark  soil  being  itself  almost  white  in  color  with  a  yellowsh  head. 
See  figure  6,  plate  I  and  figure  i,  plate    11. 

We  have  nothing  to  indicate  to  us  definitely  the  duration  of  the 
larval  stage. 

THE  PUPA. 

When  full-fed  and  ready  to  pupate,  the  larva  constructs  an  oblong 
cell  in  the  soil  and  casting  its  skin  becomes  a  pupa.  See  plate  I, 
figure  5.  In  this  cell  the  helpless  pupa  remains  until  the  adult  stage 
is  reached. 

The  pupa  is  almost  pure  white,  very  soft  and  delicate,  and  shows 
distinctly  the  various  parts  which  in  adult  life  will  be  known  as 
legs,  antennae,  beak,  wings,  etc.  It  is  noticeable  that  the  wing-sacs 
are  separate  along  the  line  of  the  back,  while  in  transforming 
to  the  adult  stage  they  become  fused  forming  one  piece. 

NUMBER  OF  BROODS  AND  HIBERNATION. 

We  can  state  definitely  that  the  winter  is  passed  both  in  the  adult 
stage  and  as  larvae.  It  may  be  also  that  some  individuals  pass 
the  winter  as  pupae.  As  early  as  August  the  beetles  begin  to  show 
a  tendency  to  come  together  to  go  into  hibernation  quarters  and  yet 
in  the  fall  and  spring  larvae  may  be  found  in  the  soil.  The  dif- 
ferent stages  so  everlap  each  other  that  one  c^^  find  eggs,  larvae, 
pupae  and  adults  all  at  the  same  time  and  this  condition  leads  to 
much  confusion  in  an  attempt  to  determine  the  number  of  broods. 
We  can  give  but  little  evidence  as  to  the  number  though  we  hold 
the  opinion  that  there  is  but  one  brood  each  year. 
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MEANS  BY  WHICH  THE  CROWN  GIRDLER  SPREADS. 

It  is  a  remarkable  fact  that  though  this  insect  possesses  no  wings 
and  cannot  fly,  it  is  capable  of  widely  distributng  itself  as  is  shown 
by  the  records  of  its  occurrence.  It  is  a  slow  walker,  practically 
speaking,  and  is  dependent  upon  outside  means  for  its  distribution. 
Very  likely  it  has  been  distributed  to  some  extent  on  strawberry 
plants  sent  for  planting  new  fields.  Its  desire  to  avoid  light  would 
naturally  lead  it  to  retreat  not  only  into  houses,  as  has  been  record- 
ed, but  also  into  barns  and  other  buildings  as  well  as  boxes,  farm 
machinery,  and  any  other  objects  whatsoever  that  oflFer  desirable 
places  of  retreat.  In  any  such  objects  that  become  articles  of  com- 
merce or  are  removed  from  one  place  to  another  for  any  purpose,  such 
as  household  goods,  etc.  carried  by  persons  moving  from  one  place  to 
another,  the  beetles  are  liable  to  be  taken  into  a  new  locality,  and 
once  in  the  new  locality,  being  adapted  to  a  large  number 
of  wild-growing  and  cultivated  plants,  they"  stand  a  fair  chance  of 
becoming  established. 

NATURAL  ENEMIES. 

We  have  observed  no  parasitic  enemies  of  this  beetle  and  Profes- 
sor Weed  bred  none  though  he  confined  many  of  the  insects  for  the 
purpose.  Mrs.  Williams  reported  to  me  that  the  domestic  fowls 
followed  the  plough  in  the  spring  ravenously  eating  the  cnrly  stag^^s, 
which  because  of  their  white  color,  were  conspicious  objects.  Mr. 
Weed  reported  that  he  found  the  predaceous  larAat.  of  Carabid  or 
ground  beetles  in  the  earth  around  the  roots  of  strawberries  that 
were  attacked  by  the  girdler  larvae. 

REMEDIES. 

The  two  general  methods  of  restraining  this  i»est  that  suggest 
themselves  are  the  use  of  a  poisonous  spray  a'ul  the  use  of  such 
cultural  practices  as  interrupt  the  life  cycle  of  the  beetle. 

Airs.  Williams  informed  me  that  she  had  made  .i  lliorough  test  of 
:hc  use  of  Paris  green  as  a  means  of  poisoning  the  adults  on  the 
foiiage  and  had  not  been  able  to  kill  them.  Kn  )'vvi!i£;  the  general 
characteristics  of  the  beetles  we  were  not  surprised  at  tlie  results 
i-ecured  in  the  test  and  decided  not  to  make  anv  turlher  t«.'sts  with 
Paris  green. 


140 


MONTANA  EXPERIMENT  STxVTION. 


EXPLANATION   OF  PLATES. 

Photographed  from  nature  from  specimens  secured  at  Missoula, 
Montana.  The  natural  size  of  the  various  stages  is  shown  in  the 
small  circles,  except  in  the  case  of  the  egg  which  is  almost  micro- 
scopic in  size. 

PLATE  I. 


Figure  i. 
Figure  2. 
Figure  3. 
Figure  4. 
Figure  5. 
Figure  6. 


The  adult  beetle  from  the  side. 
Top  view  of  the  adult  beetle. 
Top  view  of  the  pupa. 
The  egg  greatly  enlarged. 
Ventral  view  of  the  pupa. 
The  larva. 

PLATE  IL 


Figure  I.     Larvae  taken  from  the  roots  of  one  strawberry  plasil 
Figure  2.     Strawberry  plant  showing  foliage  eaten  by  the  adtdtS 

of  the  strawberry  crown  girdler. 
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DIPPING  IN  ARSENATE  OF  LEAD. 

At  the  writer's  suggestion  arsenate  of  lead,  scc':rc'l  from  the 
;*o\vker  Insecticide  Company,  was  used.  This  sip)S<'anco  has  cer- 
tain marked  advantages  over  Paris  green  as  su  arsenical  insecticide 
foi  use  on  the  foliage  of  plants.  Being  itiji'tl'iblc  in  water  it  may 
be  i-np'ied  to  tender  leaves  in  much  grealc;  strcui^ch  than  is  safe 
with  Paris  green.  And  there  are  very  few  insects,  if  any,  that  can- 
nni  1)^  killed  by  it  or  driven  frorri  the  plants  spray'='.d  with  n.  More- 
over, it  remains  on  the  foliage  much  more  persistently  than  does 
Pi.ris  tT^'een,  and  hence  is  very  desirable  in  a  climate  with  frequent 
rams  that  would  easily  wash  off  an  application  pf  Paris  green. 

We  suggested  to  Mrs.  Williams  that  she  try  dipping  her  plants  in 
the  substance  before  planting  them  in  the  field  and  then  follow  up 
this  treatment  with  later  sprays  as  new  foliage  appeared.  It  was 
felt  that  if  the  beetles  could  be  driven  off  from  the  new  plants  the 
bed  would  be  free  ever  afterward. 

Mr.  Jones  watched  this  test  and  reported  that  dipped  pknts  v/ere 
entirely  immune  for  about  two  weeks  after  setting  an  i  after  that 
length  of  time  the  beetles  gradually  appeared  and  fed  on  the  new 
J  rowth  that  was  being  put  forth.  The  foliage  v/as  then  sprayed 
vnd  the  plants  were  again  immune,  but  it  was  noticed  that  the  plants 
were  not  doing  well  and  it  was  found  that  the  ingenious  beetles  were 
feeding  on  the  roots!  It  will  be  remembered  that  it  is  the  habit 
of  these  beetles  to  hide  among  the  roots  in  the  soft  soil  and  it  is  not 
surprising,  that  impelled  by  hunger,  they  fell  to  feeding  on  the  roots. 
Deside  finding  the  roots  of  the  plants  gnawed,  Mr.  Jones  took  the 
trouble  to  make  a  microscopic  examination  of  the  contents  of  the 
intestine  and  concluded  that  it  was  composed  of  what  had  been 
eaten  from  the  roots  of  the  strawberry.  The  practical  conclusion 
drawn  from  this  test  is  that,  while  the  use  of  arsenate  of  lead  in 
the  manner  indicated  cannot  be  relied  upon  to  keep  the  bed  free 
from  the  beetle,  the  treatment  is  probably  very  much  better  than 
nothing.  Dipping  the  plants  before  setting  them  is  easily  done  and 
the  cost  and  trouble  of  spraying  two  or  three  times  with  arsenate  of 
lead  at  the  rate  of  five  pounds  to  fifty  gallons  of  water  is  not  great. 

The  one  result  of  our  investigations  that  appears  to  be  of  greatest 
practical  significance  is  the  discovery  of  the  fact  that  the  trouble 
Jrom  the  pest  arises  from  the  presence  of  great  numbers  of  the 
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beetles,  and  their  larvae,  in  the  earth,  living  on  natural  food-plants 
at  the  time  the  soil  is  broken  up  for  the  planting  m  strawberries. 
Therefore  the  remedial  measure  that  seems  to  promise  most  is  so 
managing  the  soil  that  when  it  is  desire(J  to  set  out  the  field  to 
strawberries  the  beetles  will  have  been  previously  starved  out;  in 
other  words  the  use  of  a  cultural  method.  We  have 
not  had  opportunity  to  make  a  practical  test  of  this  promising  meth- 
od but  we  are  reminded  in  this  connection  that  Mr.  England,  >vho 
lives  just  west  of  Missoula,  some  years  ago  was  so  troubled  with  this 
insect  that  he  abandoned  strawberry  growing  entirely,  using  the 
land  for  other  crops.  Mrs.  England  started  in  again  to  grow  some 
plants,  in  a  small  way  in  the  summer  of  1904,  and  had  no  trouble 
whatever  with  the  insects. 

Mr.  Williams'  trouble  has  been  principally  on  newly  broken,  vir- 
gin soil  and  we  feel  that  if  he  had  allowed  the  soil  to  lie  fallow  for 
one  season,  keeping  it  free  from  vegetation,  he  would  have  been 
troubled  only  in  so  far  as  the  beetles  are  able  to  migrate  into  the 
field  from  the  sides. 

While  the  beetles  are  very  general  feeders,  it  is  probable  that 
there  are  crops  that  could  be  tilled  that  would  be  let  alone  by  them 
and  it  is  desirable  to  try  planting  potatoes  and  some  other  common 
crops,  making  critical  examinations  of  the  roots  from  time  to  time 
to  learn  if  they  are  eaten  by  the  larvae.  If  potatoes  or  any  other 
crop  is  found  to  be  immune,  it  may  be  used  on  virgin  soil  infected 
with  this  beetle  and  followed  the  next  season  by  strawberries. 


■  'i 
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NOTES  ON  THE  BUD  MOTH. 

By  B.  J.  JONES.i 

This  insect  was  discussed  at  considerable  length  in  the  Entomo- 
logist's Report  for  1903.  Conditions  were  found  to  be  so  favorable 
in  the  cage  at  Missoula,  however,  that  it  was  thought  best  to  make 
a  further  critical  study  of  it  there  during  the  summer  of  1904.  As 
the  work  began  May  12th  and  ended  August  22nd  this  study  of 
course  did  not  deal  with  the  first  spring  activities  or  with  the  wirier 
hibernation  of  the  pest.  The  present  publication  may  be  regarded 
as  dealing  with  the  seasonal  dates  and  peculiarities  of  its  transforma- 
tion, and  establishes,  as  we  believe  very  conclusively,  a  number  of 
points  in  the  life-history  which  differ  considerably,  in  this  state  at 
at  least,  from  the  ordinary  routine  as  worked  out  and  published  in 
the  very  excellent  works  of  Professor  Slingerland  and  others.  As 
these  differences  have  much  to  do  with  the  possible  effectiveness  of 
insecticides  they  will  be  given  special  prominence  m  the  present 
discussion,  while  other  points  already  established  will  not  be  con- 
sidered. 

It  was  estimated  that-  fully  two-thirds  of  the  flower  buds  on  the 
tree  in  the  cage,  from  which  all  of  the  observations  were  taken 
had  been  destroyed  by  the  young  larvae.  Under  date  of  May  12th 
it  was  recorded  that,  though  varying  somewhat  in  size,  the  larvae 
measured  almost  uniformly  one-fourth  inch  in  length.  They  were 
rolled  tightly  in  dead  leaves,  were  practically  inactive  during  the 
day,  and  seemed  quite  invulnerable  to  any  possible  application  of 
spray.  They  were  quite  dark  in  color  and  apparently  ready  for  the 
first  spring  molt.  Two  days  later  this  theory  was  verified,  for  a 
number  of  larger,  fresh  larvae  were  found  in  the  early  morning  mig- 
rating from  the  former  hibernacula  and  establishing  themselves  up- 
on new  and  larger  leaves.  The  migration  soon  became  general  and 
a  large  per  cent  of  the  worms  were  found  to  move  to  other  quarters 
where  they  were  for  some  time  uncovered  and  susceptible  to  spray 

1.  The  work  on  the  bud  moth  at  Missoula  in  the  summer  of  1904  was  con- 
ducted by  Mr.  Burle  J.  Jones,  a  graduate  from  the  Montana  Agricultural  Col- 
lege in  the  class  of  1904.  The  outline  of  the  work  that  we  desired  done  was 
given  him  and  the  special  problems  indicated.  Mr.  Jones  is  a  conscientious 
observer  and  promising  student  of  economic  entomology. 
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while  constructing  the  new  retre'ats.     In  building  its  cocoon    the 
larva  usually  selected  a  position  along  the  mid-rib  of  the  leaf  and 
began  to  weave  a  silken  web  back  and   forth,   using  mouth    and 
feet.      After  a  considerable  net-work  had  been  spun  this  operation 
was  suspended  and  the  worm  proceeded  to  tap  the  mid-rib   near 
the  petiole,  or  the  petiole  itself,  in  such  a  way  as  to  cut  off  the  food 
supply.    The  elastic  threads  draw  the  edges  of  the  leaf  together  as 
it  wilts  and,  aided  by  the  larva  within,  soon  it  is  doubled,  form- 
ing a  secure  hiding  place.     As  the  leaf  withers  and  droops  it  nat- 
urally touches  others  of  the  cluster  and  is  skilfully  attached  to  them 
by  its  busy  inhabitant.    This  serves  a  double  purpose  since  it  pre- 
vents the  withered  leaf  from  dropping  and  provides  a  very  convenient 
feeding  ground  for  the  worm.    The  hibernaculum  is  continually  en- 
larged and  strengthened  with  silk,  frass  and  scraps  of  leaves.     In  a 
few  days  it  became  evident  that  the  larvae  must  emerge  from  these 
withered  leaves  in  order  to  obtain  food.    This  indeed  was  found  to 
be  the  case,  and  each  morning  showed  signs  of  renewed  attacks  up- 
on the  surrounding  foliage.     In  the  early  morning,  especially  on 
dark,  cloudy  days,  a  large  percent  of  them  were  actively  engaged 
in  these  exposed  places,  retiring  to  the  nest  in  the  bright  hours  of 
the  day.     As  a  rule  these  feeding  grounds  were  entirely  free  frcni 
the  nest  and  upon  exposed  surfaces  of  the  leaves  since  the  larv  i    ir 
this  stage  do  not  feed  upon  the  epidermis  of  the  under  side.     This 
propensity  to  migrate  to  new  quarters  did  not  seem  to  be  due  to 
the  fact  that  the  tree  was  so  badly  infested,  as  might  be  expected, 
for  even  in  this  case  there  was  seldom  more  than  a  single  worm 
in  the  cluster  of  leaves  from  one  twig.    It  was  rat!  .-r  due  to  thr  fact 
i!iat  the  former  quarters  were  not  only  unfit  for  tliv.  £;rou  mg  worni 
l-iit  were  also  usually  a  considerable  distance,  r.)iiip;iraci\ely,  froii 
desirable  food.       In  a  few  cases  the  larvae  remained  in  the  original 
bi!)ernacula,  but  a  careful  estimate  showed  that  about  75  per  cent 
o^  them  did  actually  migrate  and  establish  new  homes.    The  gener- 
al trend  of  the  moving  was  from  the  center  of  the  bole  and  larger 
limbs  where  the  winter  cocoons  were  spun  toward  the  outer  and 
younger  growth. 

At  no  time  during  its  larval  stage  does  the  insect  eat  as  voracious- 
ly and  grow  as  rapidly  as  during  this  interval  between  the  first  and 
second  spring  molts,  so  that  a  considerable  surface  is  actually  repre- 
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sented  by  the  feeding  .grounds ;  the  caterpillars  often  continue  their 
activity  until  the  morningf  is  well  advanced.  They  attain  to  a  length 
of  between  8  and  lo  mm.  before  retiring  for  the  second  shedding  of 
the  skin.  It  became  evident  then  that  this  period  would  be  especial- 
ly  favorable  for  the  first  experiment  in  spraying.  Accordingly,  on 
May  25th  a  limb  of  the  tree  containing  90  hibernacula  by  actual 
count  was  given  a  thorough  coat  of  Arsenate  of  Lead  in  about  the 
proportion  of  5  pounds  to  50  gallons  of  water.  A  tarred  band  was 
placed  about  the  base  of  the  limb  to  prevent  migration  to  other 
parts  of  the  tree  and  the  ground  beneath  was  covered  by  a  sheet 
to  ascertain  whether  or  not  the  worms  would  drop  to  the  ground^ 
either  as  a  means  of  escape  or  when  overcome  by  the  poison.  After 
about  two  days  it  was  evident  that  they  were  not  pursuing  their 
usual  habits.  ^  Late  in  the  day  there  were  a  number  moving  about 
on  the  leaves  as  though  still  in  search  of  desirable  food ;  many  of 
these  were  on  the  under  side  of  the  leaves  which  were  not  so  heavily 
coated  with  poison.  They  did  not  feed  here,  however,  and  even  the 
customary  haunts  did  not  show  signs  of  having  been  visited.  The 
worms  did  not  grow  and  soon  began  to  show  the  effects  of  their 
abstinence ;  some  very  evidently  died  of  poison  and  others  shrivelled 
and  died  in  the  cocoons.  About  a  fourth  of  the  cocoons  were 
empty  and  a  small  per  cent  of  the  larvae  were  found  to  drop  to  the 
sheet,  these  however  were  entirely  those  suffering  from  poison  so 
that  they  were  unable  to  attach  their  threads  to  the  leaves. 

Many  ants,  beetles  and  spiders  were  running  about  over  the  sheet 
and  some  were  even  seen  carrying  larvae  away.  An  estimate  of 
75  per  cent  was  recorded  in  the  notes  for  the  insects  destroyed  by 
this  spraying,  and  there  was  no  appreciable  damage  done  to  the 
foliage  by  the  insects  after  it  was  applied.  A  final  examination 
was  made  after  pupation  had  begun  and  it  was  found  that  only  a 
single  worm  had  attained  to  the  pupa  stage. 

Pupation  began  June  7th  and  by  the  loth  about  a  third  of  the  in- 
sects were  in  this  stage.  It  was  often  undertaken  in  the  last  hi- 
bernacula but  it  was  especially  noticeable  that  as  many  as  half  of 
the  worms  constructed  new  cocoons.  These  were  almost  entirely 
the  product  of  the  spinnerets,  were  constructed  in  the  same  way  and 
attached  in  the  same  places  as  the  winter  hibernacula.  Often  the 
old  winter  quarters  themselves  were  reconstructed  and  utilized  for 
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this  purpose.       Though  the  larvae  had  maintained  a  comparative 

uniformity  of  size,  the  pupation  lasted  over  a  month  and   it  was 

August  1st  before  the  last  belated  pupa  emerged  as  an  adult  moth. 

Branches  were  clipped  from  the  tree  and  kept  in  water  under  small 
^.lobe  cages. where  the  length  of  the  stage  was  carefully  recorded 
from  the  first  morning  after  pupation  until  the  emergence  of  the 
moth.  A  number  of  careful  estimates  were  also  made  in  num- 
bered localities  in  the  limbs.  Of  six  successfully  reared  in  the 
cans  the  length  of  the  stage  was  as  follows:  lo,  13,  15,  16,  17  and  18 
days,  giving  an  average  of  14  and  five-sixths.  Those  followed  in 
the  tree  gave  practically  the  same  results.  This  would  seem  to 
be  accurate  since  it  was  June  25th  before  there  was  a  general  em- 
ergence of  moths.  On  July  2nd  the  first  eggs  appeared  in  con- 
siderable numbers.  The  females  did  not  seem  to  be  as  careful 
i:i  selecting  places  for  the  deposition  of  the  eggs  as  those  of  the 
codling  moth,  which  had  also  laid  in  abundance  both  in  and  about 
the  cage.  Those  of  the  bud  moth  were  laid  irregularly  over  the 
.ipper  and  lower  surface  of  the  leaves,  the  latter  being  considerably 
in  the  minority  although  still  quite  prominent.  The  eggs  when  im- 
mediately compared  with  those  of  the  codling  moth  are  seen  to  be 
considerably  smaller,  but  under  ordinary  magnification  there  seems 
to  be  no  definate  difference  in  the  markings.  Contrary  to  the  pre- 
%  ious  records  in  this  State  the  eggs  were  found  to  be  occasionally 
laid  in  clusters  of  from  3  to  8,  sometimes  slightly  overlapping.  This 
might  have  been  due  to  the  fact  that  the  tree  was  so  badly  infested, 
though  it  was  recorded  in  more  eastern  localities  as  being  the  or- 
dinary method  of  laying.  The  preference  of  the  moth  for  the  up- 
per side  of  the  leaves  seems  to  lie  in  the  fact  that  it  is  not  pubescent 
and  the  egg  can  be  better  cemented  down  to  prevent  the  entrance 
of  air.  This  is  apparently  an  important  item  since  the  egg  soon 
dies  if  the  leaf  be  removed  and  wrinkles  by  wilting,  or  if  the  edge 
of  the  egg  be  raised  ever  so  slightly.  When  laid  on  the  under 
side  the  eggs  are  always  carefully  cemented  to  the  surface  beneath 
the  larger  hairs  of  the  leaf.  Whether  this  is  done  by  the  parent 
or  is  due  to  the  plastic  and  adhesive  properties  of  the  eggs  them- 
selves is  still,  I  believe,  undetermined.  After  from  4  to  5  days 
the  eggs  turn  yellowish  like  the  yolk  of  a  hen's  egg  and  by  the 
sixth  day  a  number  of  reddish  dots  appear.      A  day  or  two  before 
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hatching  the  black  head  and  thoracic  shield  of  the  larvae  show 

through  distinctly.      A  number  of  eggs  were  carefully  marked  by 

means  of  bits  of  paper,  string  etc.  and  a  weighted  average  of  ii  days 
was  obtained  as  the  length  of  this  stage.  In  laying  the  eggs  the 
moths  avoided  almost  entirely  the  branch  of  the  tree  sprayed  on 
May  25th  which  still  retained  a  considerable  coating  of  the  poison. 

The  first  of  the  larvae  began  to  appear  on  June  11  and  by  the  20th 
the  insect  was  practically  again  in  this  stage.  When  free  from 
the  egg  the  minute  larvae  proceed  at  once  to  the  under  side  of  the 
leaves  and  begin  to  feed  along  the  mid-rib  or  some  of  its  larger 
branches.  Usually  they  burrow  down  between  the  upper  and  low- 
er skins  of  the  leaf  feeding  and  at  the  same  time  covering  them- 
selves  over  with  frass  and  the  pubescence  of  the  leaves,  which  they 
weave  into  a  solid  mass  by  the  use  of  their  spinnerets  and  ever 
ready  supply  of  silk.  At  no  time  in  its  existence  as  a  larva  is  the 
msect  without  this  string  of  silk,  and  wherever  it  is  the  end  of  this 
life  line  is  always  anchored  securely.  They  have  been  seen  to  drop 
a  distance  of  3  or  4  feet  before  being  stopped  by  this  minute  thread, 
and  after  waiting  a  moment  for  the  intruder  to  leave  wriggle  back 
by  a  whirling  motion  to  the  place  of  attachment.  With  the  younger 
lighter  larvae  this  is  a  simple  task  but  the  heavy-bodied  adult  often 
breaks  its  life  line  and  drops.  When  affected  by  poison  the  worm 
often  neglects,  or  is  unable  to  attach  its  thread  and  while  throwing 
itself  alxJlit  blindly  will  often  fall  to  the  ground.  At  first  the  Min- 
iature grub  feeds  vefy  slowly  and  it  is  some  time  before  the  feeding 
grounds  are  enlarged  to  any  considerable  extent.  During  this  time 
the  larvae  are  so  closely  covered  by  their  cocoons  and  hidden  behind 
the  leaf  veins  that  they  are  practically  immune  from  spray  Oi  any 
kind.  After  about  14  days  however  they  begin  again  to  have  a 
definite  routine,  making  nightly  rounds  from  their  cucikhis  to  the 
more  distant  parts  of  the  leaves.  As  they  grow  and  extend  their 
ravages  they  are  of  course  more  unprotected  and  feed  i:pun  a  great- 
er per  cent  of  the  exposed  cuticle.  At  about  this  time  the  grubs  ap- 
parently foresee  a  need  of  extra  supplies  and  as  their  habitats  wither 
they  begin  to  stick  other  leaves  to  them.  This  is  done  very  skill- 
fully and  cleverly;  the  flat  surfaces  of  the  leaves  are  fastened  to- 
gether and  the  worms  feed  within,  free  from  any  possible  invader. 
At  the  first  indications  of  this  propensity  it  was  seen  that  the  leaves 
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must  be  coated  with  poison  before  they  were  fastened  together  and 
on  July  15th,  before  a  large  per  cent  of  the  worms  had  begun  to 
fasten  the  leaves  together,  a  part  of  the  tree  was  given  a  thorough 
spraying  of  arsenate  of  lead  in  nearly  twice  as  strong  a  solution  as 
that  formerly  applied.  Special  attention  was  given  to  coating  the 
imder  side  of  the  leaves. 

IL  was  r..'itnrally  su'iv^  time  before  the  effect  of  this  spraying  be- 
came c\  ident.  since  il  --.as  not  until  about  July  30th  that  the  process 
of  fastening  .leaves  together  in  the  construction  of  the  so-called 
houses,  which  has  been  so  thoroughly  discussed  in  previous  publi- 
cations, began  to  come  into  prominence  on  other  parts  of  the  tree. 
It  was  now  noticeable  that  these  transformations  were  not  going  on 
in  the  sprayed  limbs.  A  careful  examination  of  the  larvae  here 
showed  that  while  they  were  largely  still  active,  bewteen  5  and  10 
per  cent  only  being  found  dead,  yet  their  ravages  had  been  confined 
almost  entirely  to  the  leaves  upon  which  they  had  hatched,and  that 
even  here  the  feeding  was  far  down  under  the  coating  of  poison  and 
not  extended  as  in  other  parts  of  the  tree.  On  August  6th  the 
per  cent  of  dead  larvae  on  the  sprayed  limbs  had  increased  consid- 
erably and  there  was  very  little  noticeable  extending  of  the  feeding 
grounds.  By  August  i8th  the  condition  was  still  more  aggravated.. 
and  when  on  the  22nd  a  final  examination  was  made  the  effect  of  the 
poison  was  very  evident.  On  unsprayed  parts  of  the  tree  the 
leaves  were  largely  turning  brown  as  a  result  of  the  ravages  of  the 
\vorm  and  the  ^'Houses"  consisted  of  from  2  to  5  leaves.  The  spray- 
<?d  parts  were  practically  free  from  clusters  of  leaves  fastened  toge- 
ther, and  the  foliage  was  still  fresh  and  green.  Though  a  small 
per  cent  of  the  worms  were  still  alive  they  were  not  developing  as 
rapidly  as  the  others  and,  judging  from  the  observations  taken  at 
the  first  spraying,  would  never  live  to  go  into  winter  quarters. 

The  summer  was  unusually  dry  and  only  two  heavy  rains  had 
takn  place  since  the  first  spraying  on  May  25th.  That  limb  was 
now,  on  August  22nd,  by  far  the  freshest  on  the  tree  and  most  free 
from  attack,  aid  still  retained  a  considerable  film  of  the  Arsenate  of 
L«.  ad. 

While  the  experiments  given  above  were  limited  in  their  applica- 
tion they  certainly  show  that  the  range  of  control  of  this  pest  is 
much  wider  than  was  formerly  supposed.      The  fact  that  the  lar\'a 
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feeds  entirely  on  the  leaves  after  its  first  spring  attack  on  the  opening 
buds,  makes  its  control  a  much  more  tangible  problem  than  that 
of  the  codling  moth,  where  the  surface  feeding  is  confined  to  the 
single  hole  which  it  makes  in  the  fruit,;  and  the  fact  that  the  bud 
moth  is  actually  without  covering  during  a  part  of  the  larva  stage 
and  feeds  upon  exposed  surfaces,  makes  the  problem  still  more 
simple.  This  does  not  mean  that  the  insect  does  not  require  the 
most  rigid  and  persistent  treatment,  nor  is  it  intended  to  indicate  that 
it  will  fall  an  easy  prey  to  an  ill-timed  and  carelessly  applied  appli- 
cation of  poison. 

WHEN  TO  SPRAY. 

Certainly  the  best  time  for  the  first  application  is  in  the  spring 
before  the  flower  buds  begin  to  open.  The  cocoons  of  the  insect 
should  be  closely  watched  and  the  spray  applied  as  soon  as  there  are 
signs  of  activity,  or  even  before  if  the  area  to  be  covered  is  large 
enough  to  consume  a  considerable  length  of  time,  since  it  is  fatal 
to  allow  the  worms  to  enter  the  young  buds.  The  larvae  are 
already  advanced  in  size  and  have  only  to  proceed  to  the  opening 
flowers  of  the  nearest  twigs,  which,  by  a  remarkable  instinct  Of  the 
worms  when  hibernating  in  the  fall,  are  usually  upon  those  at  the 
base  of  which  their  cocoons  are  securely  fastened,  in  order  to  do  im- 
mediate damage.  It  is  this  stage  that  the  orchardist  should  be  es- 
pecially anxious  to  cpntrol  since  it  is  at  this  time  that  the  damage 
is  done  and  when  the  insects  are  allowed  to  get  well  within  the  open- 
ing flowers  they  are  practically  safe  until  the  apple  crop  has  been 
"Nipped  in  the  bud."  At  this  time,  however,  they  are  feeling  the 
effects  of  a  long  winter's  fast  and  will  be  very  susceptible  to  the  poi- 
son if  it  be  very  completely  and  thoroughly  spread.  Rut  the  appli- 
cations should  not  end  with  this,  and  if  there  are  worms  still  to  be 
found  on  the  tree,  and  a  few  are  certain  to  survive  even  the  most  rig- 
id treatment,  their  habits  should  be  closely  watched  and  as  soon  as 
they  begin  to  feed  in  exposed  places  they  should  be  again  treated 
to  spray.  This  application  should  be  made  at  the  time  that  the 
larvae  complete  the  first  spring  molt  and  begin  to  seek  new  and 
larger  quarters,  such  a  stage  as  that  described  above  which  occured 
about  May  25th  at  Missoula.  Even  after  the  summer  brood  emerg- 
es from  the  eggs  the  prudent  orchardist  will  find  it  to  his  advantage 
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to  pursue  them  with  the  ever  ready  spray  pump  and  nozzle,  before 
they  begin  to  fasten  the  leaves  together.  The  disadvantages  of 
spraying  at  this  time  are :  that  it  is  rather  difficult  to  get  a  thorough 
coat  of  poison  on  the  under  side  of  the  leaves  where  the  worms  are 
now  feeding,  that  the  pubescence  of  the  under  side  prevents  the 
spray  from  adhering  as  closely  and  uniformly  as  above,  and  finally 
that  the  fruit,  where  the  trees  are  bearing,  is  now  ripening  in  many 
cases  and  there  is  more  or  less  danger  of  having  a  coat  of  poison  up- 
on it  when  it  is  ready  for  market;  the  application  can  be  timed, 
however,  in  most  cases  so  as  to  avoid  this  trouble.  A  coat  applied 
when  the  eggs  were  siill  un hatched  would  cleave  sufficiently  to  make 
life  very  uncertain  for  the  resulting  larvae.  The  advantages  of 
spraying  at  this  time  are:  that  the  leaf  buds  have  ceased  to  grow 
and  the  spray  is  good  as  long  as  it  retains  its  poisonous  properties, 
since  there  is  no  danger  of  the  trees  outgrowing  it  and  making 
fresh  feeding  grounds  for  the  worms  as  is  the  case  with  the  earlier 
applications.  In  this  advanced  stage  the  foliage  is  also  very  resis- 
tant and  the  mixture  can  be  applied  at  a  greater  strength  than  for- 
merly, which  up  to  a  certain  limit,  makes  it  much  more  adhesive. 
As  a  general  rule  where  trees  are  infested  by  this  insect  keep  the 
the  fearly  buds  and  blossoms  sprayed  by  all  means,  whether  it  re- 
quires one,  two,  or  three  applications,  and  spray  later  if  the  insect 
is  still  present. 

HOW  TO  SPRAY.    . 

This  has  been  widely  discussed  in  bulletins  dealing  entirely  with 
the  subject  of  spraying  and  requires  only  a  word  here.  As  a 
complete  and  even  distribution  of  the  spray  is  the  principal  thing 
to  be  attained  in  dealing  with  this  insect  a  V^ermorel,  or  similar 
Hozzle  that  will  give  a  wide  and  fine  distribution  to  the  liquid, 
should  be  used.  In  putting  on  the  first  spray  the  operator  should 
not  confine  his  attention  to  the  buds  alone  but  should  give  the 
leaves  a  thorough  coating,  since  the  object  is  not  only  to  keep  the 
insect  from  doing  immediate  damage,  but  to  kill  it  if  possible. 
This  of  course  should  be  done  from  an  elevated  platform,  or  by 
means  of  a  long  bamboo  stick  or  rod  attached  to  the  nozzle  so  that 
the  topmost  branches  can  be  reached  and  the  upper  side  of  the  leav- 
es thoroughly  covered.       In  dealing  with  the  summer  brood  it  is 
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necessary  to  thrust  the  apparatus  through  the  limbs  m  such  a  way 
as  to  coat  the  under  side  of  the  leaves.  The  operator  had  best  pro- 
tect himself  from  drippings  by  rubber  garments  or  old  clothing  for 
which  he  has  no  further  use.  With  arsenate  of  lead  it  is  always 
necessary  to  keep  the  .mixture  within  the  pump  well  churned  in 
order  to  get  an  even  distribution  of  the  poison,  as  the  heavy  lead 
compound  settles  rapidly.  This  is  best  accomplished  by  the  use  • 
of  a  pump  with  an  agitator  provided  for  that  special  purpose,  but 
may  be  done  on  a  small  scale  by  frequently  turning  the  spray  back 
upon  itself  through  the  nozzle,  or  by  other  methods  of  churning. 

WHAT  TO  SPRAY  WITH. 

As  the  experiments  recorded  above  dealt  only  with  arsenate  of 
lead  we  can  of  course  give  its  relative  value  with  other  sprays  only 
by  the  results  obtained  from  their  use  in  other  localities.  It  is  only 
lair  to  say  in  this  connection  that  in  the  present  instance  it  has  given 
much  better  results  than  those  recorded  from  the  use  of  others  in 
other  places  where  it  was  reported  that  their  effectiveness  was  not 
encouraging.  It  is  especially  favorable  for  the  first  spring  applica- 
tion as  the  young  buds  at  that  time  are  quite  delicate  and  will  not 
always  withstand  the  Paris  green  compounds,  which  are  likely  to 
burn  them  at  that  rainy  season  of  the  year.  The  arsenate  can  be 
safely  applied  at  that  time  in  the  proportion  of  four  and  a  half  to 
five  pounds  in  50  gallons  of  water;  the  second  dose,  if  it  be  applied 
after  the  blossoms  have  gone,  may  be  increased  to  5  and  a  ha  if  or 
<^;x  pounds,  and  the  third  as  much  higher  as  the  condition  of  '.he 
fruit  will  allow.  / 

NATURAL  ENEMIES  OF  THE  BUD  MOTH. 

The  natural  enemies  of  this  pest  must  not  be  ox^erlooked  since 
ttiey  form  no  small  element  in  its  control.  The  enormous  multipli- 
cation of  the  moth  within  the  wire  screen  composing  the  cage  as 
compared  with  neighboring  trees  outside,  shows  the  remarkable  ef- 
fectiveness of  birds  and  the  larger  insects  in  reducing  its  numbers. 
Within  the  cage  numerous  parasites  were  always  in  evidence.  It 
Avas  found  that  larvae  or  pupae  left  about  the  cage  we-*^  invariably 
taken  by  ants  which  were  always  running  up  and  down  the  trees 
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and  over  the  ground.  A  number  of  instances  came  to  my  attention 
during  the  summer  where  these  doughty  little  soldiers  had  found 
improtected  larvae  and  were  struggling  away  down  Hiv  tree  vvrith 
them.  A  small  per  cent  of  the  pupa  cases  opened  were  found  to 
contains  Chalcid  flies  in  various  stages  of  existence.  Usually  these 
had  devoured  the  pupae  and  were  completing  their  transformations 
neatly  enclosed  in  the  pupae  of  their  former  hosts.  Quantities  of 
large  gray  spiders  were  always  in  and  about  the  tree  and  in  the 
crevices  of  the  cag^..  In  a  number  of  cases  the  adult  spider  built 
her  nest  and  laid  her  eggs  upon  leaves  containing  bud  moth  larvae. 
These  spiders  were  most  noticeable  during  the  pupation  period  in 
July  and  it  was  found  that  the  crevices  of  the  cage  were  filled  with 
cocoons  of  the  bud  moth  containing  adult  larvae  or  pupae.  Nests 
containing  yoimg  spiders  were  invariably  stored  with  them  and  the 
cocoons  were  speedily  emptied  by  the  young  Arachnids.  While  it 
is  never  safe  to  rely  entirely  upon  natural  enemies  for  the  control 
«f  the  pest,  yet  they  deserve  a  large  share  in  the  orchardists's  con- 
sideration and  should  never  be  destroyed  by  him. 


50ME  INSECTS  TO   BE  WATCHED  FOR  BY   OUR 
INSPECTORS  AND  FRUITGROWERS. 

We  have  attempted  to  bring  together  in  the  following  pages  in- 
formation that  will  be  of  value  to  our  horticultural  inspectors,  fruit- 
growers and  others  interested  in  the  preventive  campaign  Montana 
is  making  against  insect  pests  of  fruit.    We  believe  that  the  geogra- 
phical arrangement  of  the  valleys  of  ]\Iontana  which  have  climatic 
conditions  that  permit  of  the  successful  growing  of  fruits  make  it 
possible  to  do  much  to  prevent  the  introduction  and  spread  of  insects 
and  fungus  pests.     The  different  fruit  regions  are  so  isolated   one 
from  another  that  pests  from  any  one  infested  region  in  the  state 
are  scarcely  more  liable  to  be  transferred  to  another  than  are  the 
pests  from  an  infested  region  outside  of  the  state.     It  is  therefore 
of  the  greatest  importance  that  all  persons  interested  in  the  fruit 
industry  should  acquaint   themselves  with  the   appearance   of  the 
pests  that  are  most  liable  to  be  introduced.     We  have  included  in 
the  list  here  discussed,  varioug  species  that  have  appeared  in  one 
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or  another  locality  while  those  that  are  already  widely  distributed 
and  well  known,  such  as  the  apple  leaf-aphis,  have  been  excluded. 

Not  all  of  the  species  in  the  list  can  be  considered  to  be  pests  of 
first  class  importance  in  our  climate  but  they  are  all  species  that  for 
one  reason  or  another,  usually  because  they  feed  in  the  fruits  that 
are  liable  to  be  shipped  into  the  state  or  because  they  hibernate  in 
or  on  some  part  of  the  trees  that  are  shipped  in  as  nursery  stock, 
are  liable  to  come  across  our  borders  incidentally  in  commercial 
practices. 

THE  PEACH-TREE  BORER 

Though  the  peach-tree  borer  shows  a  decided  preference  for  peach 
trees  it  is  also  a  .pest  of  cherry,  plum,  nectarines  and  apricots.  The 
insect  is  therefore  of  interest  to  the  fruit-growers  of  Montana, 
though  few  peaches  are  grown.  It  is  not  probable  that  it  will  be- 
come a  very  serious  enemy  of  cherries  and  plums,  but  it  is  thought 
best  to  include  it  in  the  list  here  treated. 

The  young  larva  burrows  beneath  the  bark  and  sap  wood  during 
the  first  year  of  its  life  and  passes  the  winter  in  this  burrow.  In 
the  spring  it  resumes  feeding,  reaching  full  growth  in  May  or  June. 
In  its  hibernating  condition  it  is  liable  to  be  transferred  on  nursery- 
stock 

It  s  a  difficult  pest  to  control  and  one  that  should  be  vigorously 
dealt  with  if  it  is  found  in  Montana.  Its  presence  on  growing  trees 
is  indicated  by  gummy  extraction  from  the  bark  at  the  points  where 
its  burrows  touch  the  exterior. 


Pig.  2.  The  Peach-tree  Borer:  a.  female;  b.  male:  c,  larva;  d,  e,  female 
and  male  pupa«:  t.  cocoon.  (Marlatt,  Circular  17,  New  Series,  DIv.  ol  En- 
tomology, U.  S.  Dept.  o(  Agr.) 


154  MONTANA  EXPERIMENT  STATION. 

THE  FLATHEADED  APPLE-TREE  BORER.      - 

The  ftatheaded  apple-tree  borer  inhabits  Canada  and  the  United 
States  and  is  a  native  American  insect.  It  occurs  in  few  place,-  in 
Montana  and  in  some  cases  has  been  very  destructive.  Young  trees 
during  the  first  two  years  after  planting  are  particularly  liahic  to 
attack  since  the  beetle  prefers  for  its  host  trees  those  that  have  been 
weakened  from  some  other  cause.  The  hot  southwestern  sun  m  the 
spring  of  the  year  often  "scalds  '  the  bark  on  the  main  stem  of  yovitig 
trees.  Trees  thus  affected  are  attacked  and  their  destruction  is  com- 
pleted. 

Various  forest  and  shade  trees  are  attacked  as  well  as  apple,  pear 
and  peach  among  fruit  trees. 

The  female  deposits  her  eggs  in  cracks  and  crevices  of  the  bark 
in  the  spring  and  early  summer.  The  larva  hatching  from  the  egg 
bores  through  the  bark  and  excavates  cavities  of  varying  shape  and 
size  in  the  sap  wood.  Small  trees  are  often  girdled.  The  larva 
life  lasts  from  one  to  three  years  and  it  is  while  in  the  larval  burrows 
that  the  insect  is  liable  to  be  distributed  on  nursery  stock.  The 
appearance  of  the  insect,  magnified,  is  shown  in  the  accompanyin'* 
figure. 


Fig.  3.     Flat-headed  Apple-tree  Borer:     a.  larva;  b,  beetle;  c,  head  of  male; 

dk,   pupa— twici'  natural   sl/e.      (Chittenden,  Circular  32,  Sec.   Series,    Dlv.   of 
Entomology  U.  S.  Dt'it.  of  Agr.) 
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ROUND-HEADED  APPLE-TREE  BORER 

The  round-headed  apple-tree  borer  is  much  less  frequently  met 
with  than  the  "flat-headed"  species  but  its  injury  is  more  serious.  Af- 
fected trees  assume  a  sickly  appearance  and  fail  to  make  the  proper 
growth.  On  the  trunks  may  often  be  seen  masses  of  the  castings 
at  the  openings  to  the  burrows.  In  some  parts  of  the  country 
this  has  been  a. very  serious  enemy  to  apple  trees. 

Besides  attacking  the  apple  it  is  found  in  various  other  woody 
plants  including  crabapple,  quince  and  pear.  Experience  has  shown 
that  trees  are  very  much  more  liable  to  be  attacked  if  the  trunks  are 
surrounded  by  grasses,  weeds  or  other  vegetation. 

The  adults  appear  in  the  spring  of  the  year  and  the  females  de- 
posit their  eggs  as  near  to  the  ground  as  possible.  The  eggs  hatch 
in  about  three  weeks  and  the  larvae  work  their  way  under  the  bark 
and  feed  for  the  first  season  in  the  sapwood.  During  the  second  sea- 
son they  feed  in  the  deeper  heartwood  and  in  the  third  spring  bore  to 
near  the  surface  where  they  transform  to  pupae  the  adult  beetles  aj)- 
pearing  a  little  later.  The  adult  is  a  beautiful  insect  measuring 
three  fourths  of  an  inch  to  an  inch  in  length.  The  under  surface 
of  the  body  is  silvery  white  while  the  upper  surface  is  brown  with 
two  longitudinal  white  stripes. 

This  insect  may  be  introduced  into  Montana  in  nursery  stock. 
In  looking  for  it  the  bases  of  the  trunks  should  be  closely  examined. 


Fig.  4.  Round-headed  Apple-tree  Borer:  a,  larva,  from  Bide;  b,  from  above; 
-c,  female  beetle;  d,  pupa;  all  enlarged  one-thlrd.  (Marlatt,  Circular  32,  Sec. 
Series,  Dlv.  of  Bntomology,  U.  S.  Dept.  Agr.) 
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THE  BRONZE  APPLE-TREE  BEETLE,  i 

This  beetle,  so  far  as  we  are  informed,  is  confined  to  the  North- 
western States  and  its  economic  status  is  not  fully  J.-'i,';-iniiiec].  Mr. 
F.  H.  Chittenden  has  given  us  a  g;ood  account  of  what  is  known  re- 
garding the  pest,  in  which  he  calls  attention  to  various  complainis 
regarding  it  from  Washington  and  Oregon.^  Professor  C.  V".  Piper 
formerly  from  Pullman,  Washington  had  sent  specimens  to  Mr. 
Chittenden  reporting  serious  damage  to  the  apple  industry  of  Waslv 
ing  ton.  The  same  gentleman  later,  reported  that  his  ."irst  suspi- 
cions regarding  the  weevil  had  been  much  allayed  by  the  di^covcry 
of  the  fact  that  its  injuries  were  apparently  secondary  t..  the  fungus 
disease  known  as  "canker"  or  "blackspot". 

In  an  orchard  near  Missoub.  an  assistaiir,  Mr.  Jones,  fouTul  ri.it 
suinmer  specimens  which  on  being  submitted  to  Dr.  Howard  of  tiie 
Bureau  of  Entomology  proved  to  be  this  beetle.  The  owner  of 
the  orchard  is  very  jealous  over  the  freedom  of  his  trees  from  pesis 
and  has  repeatedly  sent  this  office  specimens  for  ident'ticolir-n.  The 
"canker"  disease  has  not  yet  been  detected  in  his  orchard  though  the 
beetle  in  question  is  fairly  abundant  on  his  trees. 

These  facts  cannot  be  considered  as  evidence  that  the  beetle  is 
secondary  to  the  fungus  disease  yet  they  point  in  the  oposite  dire.:- 
tion.      To  the  writer  it  seems  possible  that  the  fact  that  Prof.  Piper 


Fig.  5.  The  Bronze  Appfe  Tree  Borer:  a.  ailult  weevil  clotted  portion  of  site 
Use  showing  lengtli  of  snout;  b.  larva;  c,  pupa — six  times  natural  size.  (Chit' 
tenden.  Bulletin  22,  Ntw  aeries,  Dlv.  of  Entomology,  U.  S.  Dept,  of  Agr., 
1900). 


ilai^atlalis  aciu'scciis  Lee. 

Bulletin  22,  X.  S.  Div.  Ent.,  U.  S.  D.  A.,  page  39. 
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found  the  fungus  disease  and  the  beetle  at  identical  spots  on  apple 
trees  may  be  explained  by  the  germinating  spores  of  the  fungus 

disease  finding  in  the  punctures  into  the  bark  made  by  the  beetles 
in  depositing  their  eggs,  suitable  places  for  gaining  access  to  the 
under  layers  of  the  bark.  If  this  be  the  case  then  the  weevil  is 
the  primary  cause  and  the  fungus  secondary. 

Considering  what  information  we  now  have  regarding  this  borer, 
it  is  apparent  that  in  the  interests  of  the  apple  growers  it  will  be  well 
to  watch  for  it  and  become  familiar  with  its  habits. 

The  beetle  is  small,  black,  and  has  a  snout.  See  the  accompany- 
ing figures. 


Fig.  6.  Work  of  the  apple  tree  borer; — a,  pupa  in  Its  cell;  b.  exterior  of 
pupal  cell;  c.  empty  cell;  d.  parasitic  pupa  In  its  cell;  e,  two  empty  cells  of 
parasite;  f.  beetle  and  holes  made  by  beetles  In  their  escape — all  natural 
Blze.  (Chittenden,  Bulletin  22,  New  Series,  Div.  ot  Entomology,  U.  3.  DepL 
o(  Agr,  1900). 
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THE  APPLE  TWIG-BORER,  i. 

The  apple  twig-borer  also  known  as  the  grape  cane  boror  is  ;ui 
enemy  to  the  grape,  apple,  pear,  peach,  pium,  forest  and  shade  trees, 
and  ornamental  plants:      It  is  especially  destructive  to  the  grape. 

This  has  been  a  very  common  and  destructive  pest  in  the  states 
along  the  Mississippi  river  from  Iowa  southward.  It  also  occurs 
eastward  from  the  Mississippi  river  to  the  coast. 

In  the  fall  and  winter  the  adults  of  this  insect  bore  into  the  twigs 
ol  its  host  plants  as  shown  at  "d"  of  the  accompanying  figure. 
Entering  these  stems  the  beetles  hibernate  there.       It  is  thus  seen 


"/ 


FlK  7  The  Apple  TwIg-borer:  a,  beetle,  dorsal  and  lateral  vW.ir.  b.  pu- 
na from  beneath;  c.  larva  from  aide,  with  enlargemenls  of  the  tliorat^ic  feet; 
Sr burrow  In  apple  twig  made  by  adult;  e,  larval  gallery  In  taiDariek,  wEth  pu- 
M  la  cell  at  end;  (,  Injury  to  young  shoot  and  cane,  showing  the  entrance  to 
Cmrrow  of  beetle  near  t  and'  the  characlerl&tic  wilting  of  the  new  growth— t!l 
MDCti  enlarged  except  d,  e  and  f.  (Marlatt,  Yearbook,  U.  8.  Dept.  of  Art. 
IMS.) 


Ampkicerus  bicaiidalus. 
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that  from  this  fact  the  apple  twig-borer  is  another  pest  that  is  par- 
ticularly liable  to  be  transferred  on  nursery  stock.  The  eggs  are 
laid  in  the  early  spring  months,  the  beetles  leaving  their  hibernating 
quarters  for  this  purpose.  The  larva  bores  through  the  center  of 
the  twig  until  fall  when  it  pupates  later  transforming  to  a  beetle  and 
going  into  hibernation  as  above  described.  There  is  but  one  brood. 
The  adult  of  the  insect  which  is  the  form  liable  to  appear  on  nur- 
sery stock  is  about  14  inch  in  length,  cylindrical  in  general  shape  and 
brown  in  color. 

THE  FRUIT-TREE  BARK-BEETLE. 

The  fruit-tree  bark-beetle  is  an  introduced  insect  that  attacks  the 
bark  of  plum,  peach,  cherry,  and  apple  trees.  The  bark  may  be 
thickly  peppered  with  fine  holes  as  though  by  fine  bird  shot.  See 
figure  9.  These  are  the  entrance  and  exit  holes  of  the  small  beetle 
illustrated,  greatly  enlarged  at  Figure  8  a  and  b.  The  grubs  ex- 
cavate narrow  galleries  in  various  directions  under  the  bark  often 
killiu.;  a  tree  or  part  of  its  branches.  The  beetle  usually  attacks 
only  sickly  or  unthrifty  trees. 

The  adult  beetles  appear  in  the  spring  and  begin  burrowing 
through  the  bark.  Upon  reaching  the  sap  wood,  feeding  aS  she 
goes,  the  female  constructs,  partly  in  the  bark  and  partly  in  the  wood 
next  to  it,  a  vertical  gallery  or  "brood  chamber",  and  along  the 
sides  of  this  at  short  intervals  she  gnaws  little  pockets  in  each  one 
of  which  she  deposits  an  egg.  The  very  minute,  whitish,  grub-like 
larvae  that  hatch  from  these  eggs  excavate  galleries  that  start  out 
at  right  angles  to  the  brood  chamber.      These  side  galleries  soon 


F[g.  8.  The  Froit-tree  Bark-beetl«:  a,  adul'.  beetle;  b,  same  in  proflli;; 
pupa:  d,  larva — all  magniHeil  about  (en  limes.  (Chittenden,  Circular  29,  £ 
Series,  '"v.  of  Entomolosy.  U.  S.  Depi.  ot  Agr.) 
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diverge,  however,  and  increase  in  size  as  the  growing  larva  gnaws 
its  way  away  from  the  main  burrow.  Most  trequently  the  insect 
lives  in  such  numbers,  with  its  larval  galleries  so  closely  packed  to- 
gether and  so  much  confused  with  others  that  it  is  with  difficulty 
that  individual  galleries  can  be  distinguished. 

The  larvae  transform  to  pupae  at  the  end  of  their  galleries.  The 
number  of  generations  varies  in  different  parts  of  the  country  be- 
tween one  or  two  and  four. 

The  species  is  a  fairly  common  one  in  the  eastern  part  of  the 
United  States  and  may  appear  on  nursery  stock  shipped  in  for  plant- 
ing in  Montana. 


Fig.  9.    Work  of  The  Fruit  Tree  Bark-beetle  in  twig  of  apple — ^natural  size. 
(Chittenden,  Circular  29,  Sec.  Series,  Div.  of  Entomology,  U.  S.  Dept  of  Agr.) 


THE  PEACH  TWIG-BORER,  i. 

In  Montana  markets  one  may  occasionally  find  peaches  containing 
the  larvae  of  this  insect  and  from  its  peculiar  hibernating  habits  it 
is  greatly  facilitated  in  its  distribution  on  nursery  stock. 

The  peach  twig-borer  is  a  pest  of  stone  fruits  and  is  very  widely 
distributed.  From  what  is  known  of  its  habits  it  seems  evident 
that  should  this  pest  gain  access  to  the  peach,  plum,  and  cherry 
trees  of  this  state  much  injury  might  result. 

The  presence  of  this  insect  on  nursery  stock  is  indicated  by  bits 
of  frass  attached  to  the  bark  frequently  in  the  crotches  of  branches 
of  twigs.  Each  of  these  bits  of  frass  covers  the  entrance  into  a 
small  burrow  within  which  a  young  larva  may  be  found.  The 
larva  at  this  stage  is  of  yellowish  color  with  the  head,  the  top  of  the 
segment  just  behind  it,  and  the  posterior  end  of  the  body  above, 
almost  black.  In  the  spring  when  the  shoots  have  begun  to  grow 
the  young  larvae  leave  their  hibernating  quarters  and  bore  into  the 


I.      Anarsia  lifieatella. 
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tender  leaf-shoots.  When  one  leaf  shoot  has  dried  so  as  to  become 
unsuitable  for  food  another  is  attacked.  The  larva  becomes  full 
grown  in  about  two  weeks  and  pupates  in  a  rather  unsubstantial 
cocoon  among  withered  leaves  or  on  the  surface  of  the  bark.  The 
moth  issues  in  Jlay  and  is  very  small  and  grayish.  Two  later 
broods  occur,  the  larvae  boring  into  the  twigs  as  described  or  into 
the  fruit.  The  larvae  of  this  second  brood  construct  the  burrows 
in  the  bark  in  which  to  hibernate. 


Fig.  10:  The  Peach  TwiQ-borcr;  a.  twig  of  peacb,  showing  Id  crotch  minute 
loeAses  of  chewed  bark  above  larval  cbambers;  b.  latter  much  enl&rged;  c, 
«  larval  cell,  with  contained  larva,  much  enlarged;  d.  dorsal  view  of  young 
larva,  more  enlarged.     (Marlati.  Farmer's  Bulletin  80.  U.  S.  Dept,  of  Agr„ 

1S»E.) 


Pig.  11:  The  Peach  Twig-borer:  a,  moth  with  spread  wings;  b  and  c,  same 
with  wings  closed,  illustrating  position  normally  assumed — all  much  enlarged. 
<Marlatt,  Farmer's  Bulletin  80.  U.  S.  Dept.  of  Agr..  1898.) 
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THE  STRAWBERRY  CROWN  MOTH.  i. 

The  Strawberry  crown  borer  is  a  dangerous  enemy  to  the  straw- 
berry, blackberry,  and  raspberry.  The  adult  is  a  member  of  the 
group  known  as  clear  winged  moths  on  account  of  the  transparency 
of  the  wings.  They  resemble  wasps  in  their  form,  markings,  and 
actions. 

This  species  appears  to  be  native  to  the  United  States  and  has 
been  recorded  by  the  Bureau  of  Entomology  at  Washington  from 
California,  Nevada,  Colorado,  and  TexSs. 

A  lady  from  Stevensville,.  Montana,  made* complaint  of  what  is 
very  likely  this  insect  but  no  material  could  be  obtained  from  which 
to  make  a  determination  of  the  species  though  an  insect  which  was 
plainly  a  Sesiid  from  the  manner  in  which  it  left  the  pupa  shell 
protruding  from  the  stems  just  above  the  earth.  This  pest  had 
practically  destroyed  her  entire  patch  of  blackberries. 

This  again  is  one  of  the  insects  which  is  liable  to  be  introduced  on 
nursery  stock.  The  partly  grown  larvae  pass  the  winter  in  the 
crowns  of  the  host  plants.  Just  before  the  emergence  of  the  moths 
the  pupa  works  itself  part  way  out  through  the  opening  previously 
constructed  by  the  larva  and  the  shell  of  the  pupa  is  left  at  the 
opening  when  the  moth  departs.  This  is  an  insect  that  is  not  easy 
to  control  and  its  advent  should  be  guarded  against. 

THE  WOOLLY  APHIS. 

The  woolly  aphis  is  an  insect  much  feared  by  fruit  growers  but 
after  six  years  of  experience  in  the  state  of  Montana  during  which 
time  we  have  learned  of  its  presence  fairly  common  in  the  stale  we 
feel  warranted  in  saying  that  under  the  climatic  conditions  found 
here  this  insect  will  probably  not  be  a  serious  pest.  However,  it 
is  warrantable  to  watch  for  it  and  deal  vigorously  with  it  when 
found. 

Two  forms  of  the  insect  exist,  an  areal  form  feeding  on  the  parts 
of  a  tree  above  the  earth,  and  a  root  form  feeding  on  the  smaller 
roots  on  which  they  produce  irregularly  shaped  galls. 

The  areal  form  often  attacks  partly  healed  wounds  in  the  bark. 


Sesia  rut  Hans  H.  Edw. 
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The  bodies  of  this  form  are  covered  by  a  white  flocculent  matter,  and 
when  several  of  the  insects  are  huddled  together  as  is  usually  the 
case  with  this  louse,  the  white  blotches  become  conspicous  objects. 
The  insects'  most  natural  means  of  wide  dissemination  is  on  the 
roots  of  apple  trees  intended  for  planting. 


Pig.  12.  Woolly  aphis:  a,  agamic  remale:  b.  larval  louse;  c,  pupa;  d.  wlog- 
«d  female  witb  anteoDa  enlarged  above;  all  greatly  enlarged  and  wltli  waxy 
accretion  removed.  (Marlatt,  Circular  20,  Sec.  Series,  Dlv.  ol  Entomnlngy, 
¥.  S.  Dept.  of  Agr.) 

THE  SAN  JOSE  SCALE. 

The  San  Jose  scale  is  an  oriental  insect  but  it  was  first  noticed  in 
literature  from  the  town  in  California  from  which  it  took  its  name. 
It  is  now  of  world  wide  distribution  and  has  been  the  cause  of  much 
loss  and  expense.  Of  small  size  and  insignificant  appearance  but 
very  tenacious  of  life  and  endowed  with  great  powers  of  multiplica- 
tion, it  has  been  an  enormous  factor  in  the  fruit  growing  and  nur- 
sery businesses. 

The  San  Jose  scale  is  a  general  feeder,  attaching  nearly  every 
variety  of  decidous  fruit  trees.  In  the  east  it  has  done  its  prin- 
cipal damage  to  peach  and  pear  but  its  full  list  of  food  plants  includ- 
«6  many  ornamental  plants  and  shade  trees. 

It  passes  the  winter  as  a  partly  grown  female.  In  the  spring 
y«ung  are  produced  which  wander  off  and  finding  suitable  pHces  on 
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the  plant  settle  down  and  begin  feeding.  Other  broods  follow,  the 
number  varying  with  the  latitude. 

The  female  scale  is  circular  about  one-twelfth  of  an  inch  m  diam- 
eter when  full  grown  and  only  slightly  convex.  It  is  gray  or  black- 
ibh  sometimes  with  a  yellowish  t'nge. 

The  mature  male  is  oblong-oral,  its  length  being  about  one-half 
the  diameter  of  the  female  scale,  black  or  grayish  and  having  in  the 
center  a  nipple-like  prominence.      See  the  accompanying  figure. 

It  is  a  source  of  wonder  to  many  that  an  insect  so  small  as  the 
San  Jose  scale  can  overcome  a  tree.  The  explanation  is  found  in 
the  fact  that  .the  life  of  the  tree  exists  just  under  the  bark  upon- 
which  the  countless  numbers  of  scales  settle  inserting  their  beaks 
into  llie  vital  tissues  just  under  the  S'lri.-i:*       While  thi»se  insecls 


Fig.  13.  San  Jose  Scale:  a,  adult  female  showing  very  long  sucking  seUe; 
b,  anal  plate  showing  characteristic  ornamentation  of  edge;  greatly  enlarged. 
(Howard  and  Marlatt,  Bulletin  3,  Div.  of  Entomology,  U.  S.  Dept.  of  Agr.) 
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may  not  kill  a  tree  outright  they  ;nav  so  blight  it  as  to  rcmicr  It 

■JS'  (SS. 

The  question  is  often  asked:  "Would  the  San  Jose  scale  become 
a  serious  pest  in  the  latitude  and  under  the  climatic  conditions 
of  Montana"?  While  there  is  room  for  a  reasonable  doubt  that 
this  scale  would  be  a  serious  menace  to  Montana  fruit  trees,  the 
fruit  growers  should  keep  the  benefit  of  the  doubt  on  their  side  and 
urge  the  enforcement  of  the  laws  that  are  intended  to  prevent  its 
admittance  and  should  watch  for,  and  if  possible,  suppress  it  as  it 
comes. 

it  is  true  that  in  localities  where  it  thrives  methods  are  now  de- 
vised whereby  it  may  be  held  in  control  but  the  application  of  these 
means  is  expensive  and  the  presence  of  the  pest  is  a  cause  of  anxiety 
to  the  owner  of  the  infested  premises. 


tz.  z 

Pig,  14.  San  Jose  Scale:  a.  Infested  twig  natural  size;  b.  ae  the  BCSlea 
appear  under  a  hand  lens.  (Howard  and  Marla.tt,  Bulletin  3,  New  Series,  DIt, 
of  Bntomology,  U.  S.  Dept.  of  Agr.) 
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PUTNAM'S  SCALE  INSECT,  i. 

Putnam's  scale  insect  is  widely  distributed  and  feeds  on  all  or- 
chard trees.  It  is  similar  to  the  San  Jose  scale  in  general  appear- 
ance but  it  may  be  easily  distinguished  from  that  species  by  the 
orange  colored  spot  (the  exeuvia)  on  the  scale  of  this  species  and 
the  less  circular  outline. 

This  insect  is  single  brooded.  It  passes  the  winter  in  a  nearly 
full  grown  condition.  The  young  begin  to  hatch  in  July  and  con- 
tinue during  the  month. 

Putnam's  scale  has  been  taken  by  the  writer  near  Missoula  in  an 
old  orchard  and  on  an  old  neglected  tree  in  the  city  of  Missoula. 


THE  GREEDY  SCALE  INSECT.  2. 

Smith  cider  and  other  varieties  of  apples  coming  into  the  Montana 
market  from  California  occasionally  bear  specimens  of  this  scale 
insect.  We  have  seen  apples  with  many  specimens  of  this  species 
crowded  in  at  the  blossom  and  stem  ends.  It  is  not  a  species  that 
could  survive  our  climate  and  need  not  be  feared  as  a  pest  on  apples 
in  Montana.  It  is  common  in  greenhouses  where  it  reproduces  in 
great  numbers. 

The  scale  is  gray  in  color  but  somewhat  transparent  so  that  when 
covering  the  yellow  body  of  the  living  female  the  scale  has  a  yel- 
lowish tinge.  When  removed  from  the  bark  or  fruit  a  white  scar 
is  left. 

The  adult  female  scale  is  very  convex  and  among  scale  insects  is 
conspicious  for  this  characteristic. 

It  is  widely  distributed  in  the  United  States  and  is  without  much 
doubt  an  introduced  species. 


I.      Aspidiotus  ancylus  Putn. 
'S.      Aspidiotus  camelliae  Boisd. 
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Tig.  15.  The  Greedy  Scale  Inaect;  a,  female  sc&le  from  above;  b,  s&me 
iTom  below:  c,  maBB  ot  scales  as  appearing  on  bark;  d.  m«l«  ac&la;  e,  mala 
scales  on  twig;  i,  female  scales  on  twig;  e  and  f,  natural  size;  c,  conald«ra,bl7 
enlarged;  a,  b.  d,  greatl;  enlarged.  (Howard.  Yearbook,  U,  S.  Dept.  of 
Agr.,  1894.) 


THE  OYSTER-SHELL  BARK  LOUSE. 

The  oyster-shell  bark  louse  is  the  best  known  of  any  of  the  or- 
chard scales.  It  probobly  came  originally  from  Europe  but  it  is 
now  known  throughout  the  world.  Like  the  other  scale  insects 
here  discussed  it  is  particularly  adapted  to  distribution  on  nursery 
stock. 

This  insect  attacks  a  variety  of  food  plants  including  apple,  pear, 
plum,  quince,  hawthorn,  raspberrq,  currant,  linden,  willow,  cotton- 
■wood,  poplar,  wild  cherry,  rose,  lilac  ,  and  white  birch.  Many  of 
these  it  attacks  so  severly  as  to  threaten  their  lives. 

The  scales  of  the  two  sexes  are  quite  different  in  size  and  appear- 
ance. The  female  scale  is  elongated  (see  "a"  of  the  figure)  rounded 
on  the  upper  surface,  flat  beneath,  and  brownish  in  color.  The 
male  scale  is  much  smaller  but  of  the  same  color. 

If  one  of  the  female  scales  be  turned  over  during  the  winter 
there  may  be  seen  numerous  very   minute  white  eggs  closely  packed 
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together.  With  the  awakening  of  nature  in  the  spring  these  eggs 
hatch  into  minute  whitish  larvae  which  crawl  out  from  under  the 
parent  scale  and  go  to  suitable  spots  for  settling  down.  These 
larvae  go  mainly  to  the  tender  new  growth.  In  the  North  there  is 
but  one  brood  but  farther  south  there  are  two. 

This  scale  insect  is  present  in  a  few  localities  in  the  state  and 
has  been  very  prolific  and  troublesome. 


egge;  b,  same  (rom  above,  greatly  enlarged;  c.  female  scales;  d,  male  scales, 
natural  size.     (Howard,  Year-book,  U.  S.  Dept.  of  Agr.) 

Fig.  16.     Oy*ter-ahell   Bark-louae:    a,  female  scale  from  below  staowlng 
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THE  SCURFY  BARK  LOUSE. 

The  scurfy  Lark  louse  is  an  elongated  insect  similar  in  shape  to 
the  oyster  shell  bark  louse  but  the  substance  of  the  scale  is  thinner 
in  texture  and  white  in  color.  (See  the  accompanying  figure). 

The  winter  it  passes  as  eggs  closely  packed  under  the  scale.  The 
eggs  number  from  thirty  to  seventy-five  and  are  of  a  reddish  purple 
color.  In  the  climate  of  northern  United  States  there  is  but  one 
brood.  The  eggs  hatch  in  the  spring  and  by  fall  the  life  cycle, 
which  is  similar  to  that  of  the  oyster  shell  louse,  is  completed. 

Thiis  species  is  not  very  liable  to  be  introduced  on  nursery  stock. 
The  white  color  of  the  scales  renders  them  conspicuous  objects  and 
the  nurseryman  who  desires  his  trees  to  have  a  clean  healthy  ap- 
pearance will  usually  notice  them  and  remove  them  before  shipping. 
The  oyster  shell  bark  louse,  on  the  other  hand,  is  not  noticeable,  its 
color  being  similar  to  that  of  the  bark. 
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OTHER  SCALE  INSECTS. 

There  are  a  few  other  scale  insects  that  might  be  discussed  in 
this  paper  but  which  are  not  liable  to  often  appear  on  nursery- 
stock  arriving  in  Montana. 

Scale  insects  are  not  easily  identified  except  by  the  expert,  and 
much  may  depend  on  the  identity  of  a  scale  that  is  found  in  an  or- 
chard or  nursery.  The  Experiment  Station  will  gladly  make  de- 
terminations of  scale  insects  or  any  others  that  are  sent  in. 


THE  CODLING  MOTH  OR  APPLE  WORM. 

The  well  known  apple  worm  ife  enormously  destructive  to  apples 
and  pears  in  the  United  States.  It  is  said  to  destroy,  on  an  average, 
about  one  half  of  the  apple  crop  of  the  United  States  annually.  Its 
injuriousness  is  much  less  in  Montana  than  in  some  other  states 
where  the  climatic  conditions  are  more  favorable  to  it  but  we  believe 
that  the  percentage  of  damage  under  ordinary  conditions  will  vary 
from  about  15  to  about  55  when  nothing  is  done  to  hold  it  in  check. 
The  apple  is  Montana's  most  successful  fruit  and  the  codling  moth 
its  worst  insect  enemy. 

The  codling  moth  is  two-brooded  in  Montana.  The  first  eg-gs 
of  the  season  are  laid  about  the  middle  of  June.  By  the  latter  part 
of  July  wormy  apples  become  noticeable.  The  second  brood  be- 
gins its  operations  about  the  loth  to  the  15th  of  August  and  is  prin- 
cipally injurious  to  fall  and  winter  varieties. 

It  occurs  in  a  few  isolated  localities  in  the  following  counties: 
Flathead,  Sanders,  Missoula,  Ravalli,  Broadwater,  Yellowstone,  and 
Custer. 

For  means  of  wide  distribution  the  codling  moth  is  mainly  depen- 
dent on  traffic  in  fruits.  It  has  extended  itself  throughout  prac- 
tically the  whole  world  and  is  believed  to  have  done  so  almost  en- 
tirely through  the  medium  of  fruit  packages.  It  is  a  particularly 
dangerous  practice  to  carry  second  hand  fruit  boxes  into  the  orchard 
to  be  filled  again.      This  practice  is  now  prohibited  by  law. 

Fruit  growers  should  heartily  co-operate  with  the  state  authorities 
in  the  campaign  against  this  pernicious  insect. 
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THE  PLUM  CURCULIO. 


The  plum  curculio  is  a  serious  enemy  to  stone  fruits  and  is  par- 
tial to  plums.  The  accompanying  illustration  shows  its  method 
of  injuring  plums.  It  is  an  insect  pest  of  first  class  importance  and 
has  in  some  sections  practically  killed  the  industry  of  plum  growing. 
Besides  attacking  the  plum  it  breeds  in  great  number  in  cherries, 
peaches,  appricots,  nectarines,  quinces,  apples,  crabs,  and  haws. 

Its  means  of  distribution  is  principally  in  the  larval  stage  through 


"A   (    <. 


18.    The  Plum  Curculio,  (Lugger). 
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the  medium  of  crated  cherries  shipped  from  one  locality  to  another. 
It  hibernates  as  an  adult  and  may  be  distributed  in  this  stage. 

Its  presence  may  be  detected  by  the  characteristic  cresentic 
slits  that  it  makes  on  the  young  fruits  that  it  attacks  and  by  the  grub 
in  the  fruit.  However,  there  are  other  insects  that  feed  in  stone 
fruits. 

This  is  a  native  American  insect.  It  is  said  to  occur  near  Stev- 
cnsville,  Montana,  and  in  Yellowstone  County, 

TENT  CATERPILLARS. 

There  are  about  five  species  of  tent  caterpillars  that  are  liable  to 
be  found  in  Montana.  We  have  already  had  a  few  complaints  of 
these  insects  and  the  writer  saw  a  nest  of  what  was  probably  the 
common  eastern  species,  {Clisiocamfa  aincrkana)  in  Missoula  county. 
Within  certain  limits  the  caterpillars  of  all  these  species  appear  alike 
and  the  accompanying  illustration  will  give  a  reliable  idea  of  the 
general  appearance. 

The  winter  is  passed  in  the  egg  stage.  The  egg  clusters  shown  in 
the  accompanying  figure  are  liable  to  occur  on  any  bill  of  nurstry 


:  top  view  of  full  grown  caterpillar.  <Lo*e, 
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stock.  One  would  not  be  warranted  in  rejecting  the  shipmen^  or 
burning  it.  The  egg  clusters  are  easily  removed,  or  if  they  escafke 
detection  and  hatch  in  the  trees  after  they  are  set  out,  the  nests 
are  conspicuous  and  easily  destroyed.  There  is  little  excuse  for 
allowing  this  insect  to  continue  in  an  orchard  year  after  year.  The 
nests  may  be  removed  caterpillars  and  all  without  injury  to  the 
trees.  Wild  cherry  trees  in  the  vicinity  of  the  orchard  should  be 
kept  free  from  the  nests  so  as  to  prevent  infection  of  the  fruit  trees. 
The  caterpillars  hatch  from  the  eggs  early  in  the  spring  and  con- 
gregate in  a  forked  limb  or  branch  and  spin  a  nest  or  "tent".  This 
is  their  home  from  which  they  migrate  for  the  purpose  of  feeding. 


Fig.  20.    Egg  masses  of  Clisiocampia  americana.  (Lowe,  Bulletin  152,  N.  Y. 
Agr.  Exp.  Sta.) 


,       .  .       THE  BUD  MOTH.  i. 

The  bud  moth  is  a  small,  brownish,  hairless,  black  headed  cater- 
pillar about  %  of  an  inch  long  which  feed  in  the  buds  of  apple  and 
pear  in  the  spring  of  the  year,  and  after  the  buds  have  expanded. 


I.    Tmetocera  ocellana. 
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on  the  leaf  and  flower  buds  which  they  destroy.  Later  in  the  sea- 
son the  new  brood  feeds  on  the  epidermis  of  the  leaves.  The  in- 
juries from  the  species  are  due  to  the  destruction  of  the  fruit  buds 
and  to  the  deformities  induced  by  the  eating  off  of  terminal  buds. 

The  adult  is  a  moth  somewhat  resembling  the  codling  moth.  The 
eggs  are  laid  on  the  foliage  about  the  first  of  July.  The  winter  is 
passed  as  a  partly  grown  larva  in  a  hibemaculum  constructed  for  the 
purpose.  These  hibemacula  are  very  difficult  for  an  inspector  to 
detect  and  the  insect  is  one  that  may  readily  be  distii'isted  on  nurs- 
ery stock,  scions,  etc. 

The  bud  moth  has  been  periodically  injurious  "n  tb';  East.  Iit 
another  part  of  this  report  are  notes  on  the  Hfe-hisi  ry  and  means 
cf  controlling  its  ravages. 

The  species  occurs  at  Missoula  where  it  has  been  very  injurious. 
I  have  also  found  it  on  a  few  trees  twelve  miles  up  the  Bitter  Root 
Valley  and  for  a  short  distance  up  the  Rattlesnake  Valley. 

A  reasonably  complete  account  of  this  insect  ^/as  given  ui  the 
First  Annual  Report  of  the  State  Entomologist,  (iw,'-). 
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THE  PEAR  AND  CHERRY  SLUG. 

The  larvae  or  slugs  of  this  insect  feed  on  the  upper  surface  of  the 
leaves  leaving  a  network  of  veins  and  the  lower  cell  layers.  The 
leaves  so  affected  turn  brown,  die  and  drop  off.  Whole  trees  or 
whole  orchards  may  be  thus  defoliated.  A  second  growth  may  be 
put  out  thereby  weakening  the  tree  so  that  no  fruit  is  produced  the 
next  season.  In  the  early  spring  the  adults  may  be  seen  about  the 
treeswhere  they  gather  for  the  purpose  of  laying  their  eggs.  The 
larvae  soon  hatch  and  feed  on  the  leaves.  They  are  at  first  white, 
but  they  .soon  have  a  shiny  olive  colored  fluid  on  their  bodies. 

The  insects  feed  on  pear,  cherry,  and  plum  and  about  thirty  other 
plants.     It  shows  a  preference  for  pear. 

The  species  occurs  throughout  Europe  and  America  and  in  many 
of  the  British  colonies. 


Fig.  22.  Pear  and  Cherry  Slug:  a,  adult  sftwjfty.  female;  b.  larva  with  slime 
removed;  c,  same  In  normal  state;  d,  leaves  witb  larvae,  natural  size;  a,  b, 
c.  much  enlarged.  (Marlatt,  Circular  26,  Sec.  Series,  Dlv.  of  Entomology,  U. 
S.  Dept,  of  Agr.) 
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THE  PEAR-LEAF  BLISTER-MITE. 

The  pear-leaf  blister-mite'  is  another  pest  that  is  particularly  liable 
to  be  distributed  on  nursery  stock,  scions,  etc.  The  almost  micro- 
scopic mites  hibernate  under  the  scales  of  the  buds  and  their  detec- 
tion through  inspection  is  out  of  the  question. 

In  the  spring  as  the  young,  tender  leaves  are  being  put  forth  the 
over-wintered  mites  pass  to  the  under  side  of  the  leaves  and  pro- 
duce whitish  or  reddish  blisters  under  which  they  later  produce 
young  which  migrate  and  cause  new  blisters. 

The  pest  is  severe  on  individual  trees,  but  does  not  spread  rapid- 
ly .  Over  short  distances  the  young  might  be  carried  on  the  feet 
of  birds  or  might  be  blown  with  the  fallen  leaves  late  in  the  season. 

The  blisters,  often  highly  colored  and  usually  arranged  in  rows 
parallel  with  the  mid  rib,  one  row  on  each  side,  are  characteristic. 
This  pest  occurs  in  some  of  the  fruit  growing  regions  of  Montana- 


Fig.  23.     The  Pear-leaf  Blister-mite:     greatly  enlarged.     (Comstock,  Man- 
ual for  the  Study  of  Insects,  1897.) 


THE  STRAWBERRY   LEAF-ROLLER,  i. 

The  strawberry  leaf-roller  is  a  fairly  well  known  pest  in  some 
parts  of  the  United  States.  In  the  state  of  Washington  it  has  been 
looked  upon  as  their  most  serious  insect  enemy  of  strawberries. 
Though  it  has  been  in  Montana  for  a  number  of  years  we  have  no 
record  of  great  injury  from  it..  It  occurs  at  Missoula,  Helena,  and 
Miles  City.  It  receives  its  name  from  its  habit  of  rolling  and 
crumpling  the  leaves  of  its  host-plants.      The  larva  which  is  small 


I,    Phoxopteris  comptana  Frol. 
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and  of  a  greenish  color  lives  within  the  rolled  or  crumpled  leaves 
feeding  from  the  inside.  When  abundant,  the  larvae  not  only  eat 
parts  of  the  foliage  but  cause  the  remainder  to  turn  brown.  The 
larvae  are  very  active  and  when  taken  into  one's  hand  quickly  wrig- 
gle out  and  drop  to  the  ground. 

There  are  two  broods,  one  appearing  in  June  and  the  other  in 
August. 

The  larvae  feed  on  the  foliage  of  strawberry,  raspberry,  blackber- 
ry and  various  other  plants. 


Fig.  24.  The  Strawberry  Leaf-roller:  a,  larva,  natural  size;  b,  anterior  end 
of  larva,  seen  from  above,  enlarged;  c,  moth,  enlarged;  d,  posterior  end  of 
larva,  seen  from  above,  enlarged.  (First  Rept.  Insects  of  Mo.,  Riley,  1869.) 


THE  CHERRY  FRUIT-FLY.  i. 

The  plum  curculio  is  responsible  for  most  *Svormy"  cherries  but 
''*cherry  fruit-fly"  may  appear  in  the  market  fruits  and  if  in  the 
market  is  liable  to  escape  to  growing  cherries.  The  cherry  fruit 
fly  as  its  name  indicates  is  a  fly  and  it  is  the  larva  or  maggot  that 
causes  the  damage.  The  work  of  the  grub  of  the  plum  curculio  is 
usually  apparent  from  the  exterior  of  the  cherry,  but  in  the  case 
of  this  maggot  the  cherries  may  from  the  outside  appear  to  be  per- 
fectly sound. 

The  cherry  maggots  are  very  light  yellow  in  color  and  of  the 
shape  and  size  shown  in  the  small  black  circle,  above,  in  the  accom- 
panying figure. 

The  body  of  the  fly  is  black  and  the  head  and  legs  are  of  a  light 
yellow  color.  The  wings  are  crossed  by  four  blackish  bands  and 
have  a  blackish  spot  at  the  tip. 

This  insect  is  not  very  well  known  as  a  pest  of  cherries.  It  has 
been  reported  only  from  the  eastern  states.     It  is,  however,  one  of 
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the  insects  that  our  Montana  cherry  growers  should  be  on  the  look- 
out for. 

The  winter  is  passed  by  the  immature  insect  in  the  ground.  If 
this  pest  becomes  established  in  Montana  it  will  most  likely  be 
through  the  introduction  of  infested  cherries.  Wormy  cherries  re- 
jected from  those  pitted  for  canning  and  thrown  out  on  the  refuse 
pile  would  furnish  all  the  necessary  conditions  for  the  infection  of 
any  cherry  trees  in  the  vicinity  that  might  be  in  bearing  the  next 
season.        , 


Ftg.  £5.  The  Cherry  Fruit-fly:  Sedlon  of  a  cherry,  enlarged  to  Bliow  the 
maggot  and  the  nature  ot  its  wor'n.  The  small  figures  above  show  the  mag- 
got and  Its  parent,  the  fruit-fly,  natural  ^ze.  (Sllagerland,  Bull.  172,  Cornell 
Valv.  Exp.  Sta.,  1899.) 
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THE  NATIVE  ECONOMIC  PLANTS  OF  MONTANA. 


J.  W.  BLANKINSHIP,  Botanist, 


PREFACE. 


One  of  the  characteristics  of  an  uncivilized,  nomadic  people  is 
lo  secure  food  and  sustenance  fron*  a  great  variety  of  planus  native 
to  the  region  inhabited,  while  a  civd/*zed,  agricultural  people  depend 
upon  a  relatively  few  domesticated  species  to  meet  their  wants. 
Neverless,  in  the  complex  activities  of  modern  life  there  is  an  in- 
creasing tendency  to  make  every  department  of  Nature  contribute  to 
our  comfort  and  welfare,  and  this  is  evident  in  our  efforts,  not  only 
to  improve  the  present  varieties  of  plants  under  cultivation,  but  to 
seek  in  foreign  lands  for  new  species,  which  may  be  so  improved 
by  cultivation  that  they  will  supply  new  wants  or  supplement  those 
plants  already  in  use.  It  therefore,  is  of  importance  to  seek  out  these 
primitive  races  and  ascertain  the  plants  which  they  have  found 
available  in  their  economic  life,  in  order  that  perchance  the  valuable 
properties  they  have  utilized  in  their  household  economy,  may  thus 

fill  some  vacant  niche  in  our  own,  or  at  least  prove  of  value  in  times 
of  need. 

The  object  of  this  paper  is,  therefore,  to  enumerate,  as  far  as 
possible,  the  native  plants  of  the  state  utilized  by  the  Indians,  the 
early  explorers,  trappers  and  settlers,  as  well  as  to  mention  the 
chief  species  now  employed  in  our  own  industrial  life.  This  is  now 
the  more  necessary  because  of  the  fact  that  the  pressure  of  settlement 
will  no  longer  permit  the  occupation  of  large  an<l  valuable  tracts 
of  land  as  practical  game  preserves  by  a  relatively  few  individuals 
of  the  primitive  inhabitants  and  because  the  new  conditions  are 
compelling  the  Indians  to  abandon  their  tribal  organization  and 
to  adopt  the  ways  of  the  white  man  in  order  to  avoid  extinction, 
so  that  in  a  ew  generations,  under  these  new  conditions  of  life,  all 
knowledge  of  the  properties  of  our  native  plants  acquired  by  them 
through  long  ages  of  stress  of  famine,  of  climate  and  of  tribal  war- 
fare will  be  lost  and  can  hereafter  be  secured  only  by  long  experi- 
mentation. It  therefore  behooves  the  botanist  in  these  western 
states,  where  the  Indian  yet  retains  somewhat  of  his  primitive  habits 
and  many  of  the  men  active  in  the  early  settlement  of  the  country 
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•are  still  alive,  to  secure  this  information  and  make  it  available  for 
future  use. 

In  the  preparation  of  this  paper  I  have  endeavored  to  collate  all 
the  data  available  in  the  published  accounts  of  the  early  explorers 
and  settlers  of  the  state,  supplemented,  as  far  as  possible 
by  my  own  observations  on  the  several  reserv'ations  within  our  lim- 
its. Yet,  I  can  hardly  claim  for  this  more  than  a  preliminary  study 
of  the  subject,  for  a  great  mass  of  data  yet  awaits  the  careful  investi- 
gator acquainted  with  the  flora  of  the  region  studied.  In  particular 
the  native  "medicine  men"  possess  a  vast  deal  of  information  as  to 
the  medical  properties  of  our  native  plants,  which  can  now  be  easily 
secured,  but  in  the  near  future  will  be  utterly  lost  to  science,  unless 
prompt  action  be  taken. 

Little  has  been  said  in  the  present  paper  as  to  the  methods  of 
cookery  of  the  Indians,  as  the  subject  is  one  that  should  be  under- 
taken by  someone  well  versed  in  the  culinary  art;  yet,  it  seems  pro- 
bable that  these  rude  children  of  nature  with  their  crude  methods 
and  paucity  of  materials  were  able  in  some  cases  to  obtain  results 
and  secure  flavors,  which  we  with  all  the  complex  appliances  of 
modern  civilization,  can  hardly  attain.  This  phase  of  the  subject 
of  etlincl)otany  should  not  be  neglected,  for  in  the  humblest  fields 
of  scientific  endeavor  are  sometimes  discovered  facts  of  the  greatest 
importance. 

The  plants  mentioned  are  arranged  alphabetically  by  their 
scientific  names  with  an  index  of  common  names  at  the  end,  where 
there  will  also  be  found  a  general  jlassification  of  the  species  by 
their  uses.  In  the  citations  the  name  of  the  author  is  given  with  the 
page  where  the  species  is  mentioned.  The  full  titles  of  the  works 
quoted  are  given  under  the  ^^bibliography"  on  pages  28-30. 

I  am  indebted  to  the  library  of  Harvard  University  for  the  use 
of  the  various  works  consulted  and  under  many  and  deep  obligations 
to  the  Indian  Agents  of  the  various  reservations  and  to  many  others 
who  have  actively  assisted  me  in  securing  the  information  for  this 
work. 

Finally,  I  request  the  citizens  of  the  state  to  send  me  specimens 
of  plants  thus  utilized  by  the  Indians  and  early  settlers  or  employed 
lor  present  use,  which  are  not  mentioned  in  the  following  lists  in 
order  that  the  species  may  be  determined  and  their  properties  noted. 

Bozeman,  Montana,  September  30,  1905. 
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Abies  lasiocarpa,  Nutt.     "Balsam  Fir";     **Alpine  Fir". 

The  *'balsam"  or  gummy  secretion  found  in  the  blisters  on  the 
bark  of  this  species  is  highly  esteemed  as  an  antiseptic  for  application 
to  wounds  and  ulcers  and  is  taken  internally  for  lung  troubles.  The 
young  twigs  and  leaves  are  burned  for  incense  by  the  Crow  Indians 
(Absaroka)  in  certain  ceremonies.  The  application  of  the  balsam 
to  corns  for  a  few  days  is  said  to  render  them  easily  removable  by 
soaking  in  warm  water. 

Acer  glabrum,  Torr.     "Shrub  Alaple" ;  ^'Mountain  Maple''. 

The  young  twigs  were  used  by  the  Indians  for  making  hoops  tor 
fishnets. — Douglas,  102. 

Achillea  lanulosa,  Nutt. 

A  tea  made  of  the  herb  used  by  the  Indians  as  a  cathartic. 
Achillea  millefolium,  L.      "Wild  Tansy"  ;  "Milfoil". 

Tea  of  the  leaves  and  flowers  is  used  for  consumption,  stomach- 
trouble  and  headache  and  applied  as  a  lotion  for  sore  eyes  and  for 
sprains  and  bruises. — Chesnut,  391. 

Acorus  Calamus,  L.      **Calamus  Root." 

Still  an  object  of  barter  among  the  various  Indian  tribes  and 
said  by  the  Ft.  Peck  Sioux  to  be  used  to  cause  abortion.  Also 
used  by  them  as  a  sort  of  cure-all ;  they  chew  and  swallow  the  root 
The  plant  is  not  found  in  Montana,  but  is  obtained  from  the  Indians 
eastward. 

Agropyron  occidentale,  Scribn.       "Blue-stem  grass." 

This  with  other  species  of  Agropyron  is  the  most  valuable 
forage  grains  in  the  lowlands  and  is  the  chief  component  of  the 
wild  hay  so  extensively  cut  in  the  state.  It  is  now  cultivated  for 
haylands  throughout  the  Milk  River  region  and  promises  to  be- 
come the  most  important  forage  grass  for  the  arid  regions,  where 
irrigation  is  deficient.  It  is  said  to  have  better  keeping  qualities 
and  a  higher  nutritive  value  as  a  stock  food  than  timothy,  clover  or 
alfalfa. 

Alectoria  Fremontii,  Tuckerm.      "Black  Moss";  "Tree  Moss." 

A  long,  black,  hair-like  lichen  common  on  various  species  of 
Conifers  in  the  mountains,  used  bv  the  Indians  as  a  famine  food. 
Cattle  said  to  be  "poisoned''  by  feeding  upon  it  to  excess  in  early 
spring.  Said  to  be  neither  palatable  nor  very  nutritious. — Dc  Smet, 
117;  Dodge,  424;  Coville,  87. 
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Allium  species.       **Wild  Onions" ;  **Garlic". 
Cooked  and  eaten  by  the  various  tribes. — De  Smet,  Ii6. 

Alnus  tenuifolia,  Nutt.       **Alder". 
\  decoction  of  the  innei  bark  used  by  the  Indians  as  an  orange 
dye. — Coville,  94.      The  bark  is  said  to  have  been     used     in     some 
cases  in  Montana  for  the  purpose  of  tanning  and  to  have  given  good 
results. 

Amaranthus  blitoides,  Wats.      "Tursely". 
Said  to  be  used  as  a  pot-herb.       The  seeds  of  this  and   other 
species    were  formerly  an  article  of  diet  among  the  Indians. 

Amclanchier  slnifalia,  Nutt.  **Sarvice  Berry'' ;  '*Tee-anip" 

(Snake  Ind.) 

An  important  food  plant  among  all  tribes.  **The  Indians  gath- 
er 2nd  dry  them  in  large  quantities  for  winter  use.  The  wood  is 
very  hard  and  tough,  and  is  much  used  by  the  Indians,  who  are 
expert  in  straightening  it  for  arrows  and  ramrods". — Stuart:  Mon- 
tana As  it  Is,  86.  See  also  Dodge,  413;  Catlin:  i  :i22.  The  berries 
are  found  frequently  in  our  markets  during  the  season  and  arc  used 
for  pics,  much  as  the  blueberries  are  in  the  East;  they  are  tisually 
mixed  with  currants,  gooseberries  or  rhubarb,  to  lend  acidity  to  the 
combination.  They  are  also  put  up  spiced,  are  used  for  wine  and 
made  into  jam  with  other  fruits. 

Ampelopsis  quinquefolia,  Michx.       ** Virginia  Creeper". 
The  ripe  fruit  is  collected  and  eaten,  like  grapes,  by  the  Sioux. 

Aphyllon  fasciculatum,  Gray.     ''Cancer  Root." 
A  frequent  parasite  on  the  roots  of  Artemisia  frigida,  W illd.  and 
popularly  thought  to  be  a  remedy  for  cancer.      Reported  poisonous 
to  stock. 

Apocynum  androsaemifolium,  L.  ^'Indian  Hemp". 
The  fibre  made  from  the  bark  of  this  and  A.  caunabinum,  L.,  fur- 
nished the  chief  source  of  cordage  among  the  western  Aborigines. 
See  Douglas  90,  102  &  121  ;  Chickering:  Hayden  Survey,  1878:  821; 
Chesnut,  379.  The  root  is  used  by  the  old  settlers  as  a  tonic,  febri- 
fuge and  cathartic,  but  is  poisonous  in  large  doses.  Cattle  are 
sometimes  said  to  be  poisoned  by.  feeding  on  it. 
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Aralia  nudicaulis,  L.      "Sarsaparilla"' ;  "Ginseng". 

Frequent  in  the  forests  west  of  the  Divide  and  its  roots  are  used 
as  a  tonic  and  cathartic. 

Arctostaphylos  Uva-ursi,  Spreng.      "Larb";  *'Kinnikinnink"; 
**Tiniiyah"   (Snake  Ind.)  ;  **Sacacomis". 

The  leaves  are  mixed  with  tobacco  for  smoking  by  all  the  In- 
dian tribes  and  the  fruit  is  used  for  food  both  fresh  and  dried. 

Artemisia  cana,  Pursh.      "Blue  Sage";  "Sage  Brush". 

A  decoction  of  the  leaves  used  by  the  Indians  for  \arious  com- 
plaints. Used  as  a  general  tonic.  Said  to  have  been  employed  suc- 
cessfully as  a  hair-restorer.  The  leaves  were  sometimes  chewed  to 
allay  thirst. 

Artemisia  frigida,  Willd.       "Sweet  Sage" ;  "Old-man". 
A  decoction  used  by  the  Indians  as  a  remedy  for  lung  troubles. 

Artemisia  tridentata,  Nutt.      "Sage-brush". 

The  dead  twigs  were  used  by  some  tribes  for  a  twirling-stick  in 
fire-making.  "A  decotion  of  the  herbage  is  used  internally  to  check 
diarrhoea,  externally  as  an  eye-wash,  while  the  mashed  herbage  is 
used  as  a  subsitute  for  liniment." — Coville,  105. 

Asclepias   speciosa,    Torr.        "Milkweed";    "Si4kweed" ;    "Butterfly 

Weed". 

The  Crow  Indians  boil  the  flowers  for  food  and  eat  the  raw 
seeds  in  the  young,  immature  follicles,  while  the  "milk"  from  the 
broken  stems  has  been  used  in  cases  of  emergency  for  branding  stock 
temporarily,  the  points  of  application  turning  dark  and  remaining  so 
for  several  months. 

Astragalus  caryocarpus,  Ker.      *'Ground  Plums:"  "Indian  Pea". 

The  fleshy,  plum-like  pods  have  a  sweetish  insipid  taste  and 
were  eaten  by  the  various  tribes  of  Indians  in  July  both  raw  anri 
boiled.      Xow  occasionally  used  for  pickles. 

Balsamorrhiza  incana,  Nutt. 
"The  thick  roots  are  eaten  by  the  Nez  Perces  Indians  without 
previous  cooking." — Dodge  406. 
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Balsamorrihiza  sagittata,  Nutt.  **Bigroot;"  "Arrow-leaf." 
The  roots  are  used  for  food,  both  raw  and  cooked.  They  are 
''fermented  a  day  or  two  hi  the  ground  in  a  hole  made  for  the  pui- 
pcse,  and  heated  with  hot  stones,  are  then,  eaten  and  possess  an  agree- 
able saccharine  taste." — Nuttall,  Jour.  Acad.  Phila.  7:39.  The 
3'oung  stems  and  leaves  are  eaten  raw  as  a  salad  and  the  seeds  cxre 
roasted  and  ground  into  a  kind  of  flour. — Coville  106;  Dodge,  406; 
Meehan,  Proc.  Phila.  Acad.  1898:32. 

Bazzania  trilobata  (L.)  S.  F.  Gray. 
•*Used  by  the  natives  as  a  yellow  dye;  grows  en  the  pines  of 
the  Rocky  i\lountains". — Lewis  label.       Meehan,  47. 

Beckmannia  erucaeformis,  Host.      "Slough-grass". 
Seed  sometimes  used  for  food  by  the  Indians. — Coville  91. 

Berberis  repens,  Lindl.  "Oregon  Grape". 
A  decoction  of  the  bark  of  this  root  is  used  as  a  remedy  for 
mountain  fever  and  by  the  early  settlers  for  kidney  trouble;  also  used 
for  stomach  trouble  and  as  a  tonic  and  febrifuge.  The  ripe  fruit  is 
strongly  acid  and  is  used  as  an  article  of  food  both  raw  and  made 
into  jelly ;  it  is  used  also  for  wine  and  is  sometimes  crushed  and 
mixed  with  sugar  and  water  for  "lemonade". 

Betula  papyrifera.  Marsh.      "White  or  Paper  Birch". 
The  bark  was  used  by  the  Indians  to  make  their  "birch-bark" 
<i:nocs  and  is  still  used  by  the  Flatheads  to  line  sacks  and  stiffen 
them  into  baskets. 

Bouteloua  oligostachya,  Torr.       "Buffalo  or  Grama  Grass". 
The  Indians  use  it  to  foretell  the  winter;  they  say  if  the  culm 
h;is  but  one  fruit-spike  the  winter  will  be  mild,  if  two  or  more  the 
winter  will  be  correspondingly  severe.     Probably  the  most  import- 
i:nvl  forage  grass  in  the  state. 

Calochortus   species.     "Mariposa   Lily";   "Sego   Lily". 

The  bullxs  of  the  various  species  found  in  the  state  were  \l*yq;  and 
^^attn  by  the  Indians  and  arc  said  to  be  of  a  pleasant  flavor. 

Calvatia  gigantea,  Batsch.  and  other  mushrooms. 
The  dry,  powdery  mterior  is  used  by  the  Sioux  to  place  in  large 
w  )unds  as  a  styptic  to  stop  the  bleeding. 
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Camassia  esculenta,  Lindl.  "Camas";  "Biscuit-rooc*. 
Formerly  a  very  important  article  of  diet  among  all  the  tribes. 
The  plants  usually  grow  in  low  open  meadows  in  the  mountain  val- 
leys, often  in  great  abundance  and  here  the  Indians  would  journey 
in  the  *'camas  season"  to  lay  up  their  store  for  winter  use.  The 
bulbs  were  dug  about  the  time  when  the  flowers  on  the  lower  half  of 
the  raceme  began  to  fade,  or  after  it  was  past  blooming,  though  in  the 
latter  state  it  was  not  so  easy  to  see  the  plants.  The  bulbs  were 
then  baked  in  the  ground  by  hot  stones  and  dried  for  winter  i.se. 
The  baking  greatly  improved  the  taste.  The  camas  was  also  boikd 
for  eating  fresh  or  preserved  and  was  said  to  have  a  sv  (.".tr  guinmy 
taste  and  to  be  very  nutritious.  The  Flatheads  callcvl  it  *'Et\voi" 
and  the  Snakes  "Paseego". 

Carex  species.     "Sedge." 
The  leaves  were  woven  into  mats  and  the  succulent  stems  of 
some  species  were  used  for  food    when    young. — Coville,    92    and 
01  hers. 

Carum  Gairdneri,  Benth  &  Hook.      "Yamp";  *'Sq'ja*'.   RooL". 
A  tall  slender,  parsnip-like  plant  common  in  moun',«.n  meadows. 
The  root  consists  of  one  or  more  ^csii>'.  tuber-like  roots,  often  as 
bilge  as  the  thumb  and  these  were  colic  tcil  .1:1. 1  boiled  by  the  Indians 
like  potatoes.      They  were  said  to  have  a  cream-like  flavor. 

Cercocarpus  ledifolius,  Nutt.      ''Mountain  Mahogany." 
A  shrub  ten  or  fifteen  feet  high,  common  in  some  parts  of  the 
mountains.       The  wood  is  extremely  hard  and  enduring  and  was 
used  by  the  Indians  for  making  "camas  sticks"  and  for  the  heads 
of  fish  spears. — Coville,  93  and  98. 

Chenopodium  album,  L. 
The  seeds  were  gathered  by  the  Indians  for  food,  which  may  ac- 
count in  part  for  its  wide  distribution  and  abundance  in  the  state, 
as  is  probably  the  case  with  the  sunflower  (Helianthus  annuus,  L.) 
and  the  horseweed  (Iva  xanthiifolia,  Nutt.).  The  seeds  were  ground 
into  flour  and  made  into  bread.  The  young  plants  are  also  used  by 
Indians  and  whites  as  a  pot-herb. 

Chimaphila  umbellata,  Nutt.      "Prince's  Pine." 
A  decoction  of  the  herb  or  root  used  as  a  febrifuge  to  reduce 
fevers. 
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Cicuta  occidentalis,  Greene.     **Water  Hemlock";  Water  Parsnip" 
The  fleshy  roots  were  known  to  the  Indians  as  a  virulent  poison 
and  sometimes  used  by  them  for  suicide. 

Claytonia  multicaulis,  Nelson  and  C.  lanceolata,  Pursh. 
"Ground   Nut;"     "Spring-beauty." 

A  small  plant  some  four  inches  high  with  white  or  pinkish  flowers 
and  a  tuber-like  root,  common  in  the  mountains  in  early  spring. 
These  roots  were  dug  and  eaten  by  the  Indians  both  raw  and  roasted 
Douglas,  109.  They  are  said  to  be  "insipid,"  but  are  very  nu- 
tritious, as  they  have  been  recently  reported  as  "better  for  fattening 
hogs  than  the  best  feed"   (J.  F.  Bean,  Dupuyer,  Mont). 

Clematis  Douglasii,  Hook.      "Headache-weed" ;  "Lion's  Beard". 

A  decoction  of  the  leaves  of  this  species  is  used  by  the  Indians 
as  a  remedy  for  the  headache.  Geyer  says  (London  Jour.  Bot.  5 : 
301)  :  "The  Indians  use  the  root  of  this  plant. as  a  stimulant,  when 
horses  fall  down  during  their  excessive  races.  They  hold  a  scraped 
end  of  the  root  into  the  nostrils  of  the  fallen  horse.  The  effect  of 
this  is  instantaneous:  it  produces  trembling,  the  animal  springs  up 
and  is  led  to  water  to  refresh  its  limbs.  I  have  been  told  it  never 
failed  or  produced  bad  consequences.  The  scraped  root  leaves  a 
burning  sensation  for  half  a  day,  if  touched  with  the  tongue." 

Clematis  lugusticifolia,  Nutt.     "Wild  Clematis;"  "Virgin's  Bower." 

Chewed  for  the  purpose  of  curing  colds  and  sore  throat. — Chesnut, 

347.     Often  grown  as  an  ornamental  vine  for  houses  and  verandas. 

Cnicus    eriocephalus,    Gray.     "Mountain    Thistle ;"    "Thistle-root." 

Called  by  the  Snakes  **Tsinah".  "The  root  of  the  common  this- 
tle, which  is  very  abundant  in  the  bottoms  along  nearly  all  the 
streams  in  the  mountains;  they  grow  to  about  the  size  of  a  large 
radish,  and  taste  very  much  like  turnips,  and  are  good  either  raw  or 
co(;kcd  with  meat ;  they  are  only  good,  however,  during  the  months 
of  March  and  April,  as  after  that  time  they  become  pithy.  They 
are  much  used  by  the  Indians,  who  also  eat  the  young  and  succu- 
lent stalks  during  the  months  of  June,  July  and  August,  on  the 
same  principle  that  white  folks  eat  asparagus  and  greens." — Stuart, 

_a6. 
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Comus  stolonifera,  Michx.  ''Red  Willow";  **Kinnikinnink". 
The  "Bois  rouge"  of  the  Voyageurs.  The  inner  bark  was  scrap- 
ed off  by  the  Indians,  dried  and  mixed  with  tobacco  in  the  proportion 
of  threeto  one  under  the  name  of  '*kinnikinnink,"  as  ssubstitute 
for  the  *iarb"  (Arctostaphylos  Uva-ursi,  Spreng.)  of  the  mountains. 
Fish-nets  were  made  of  the  twisted  branches  and  a  decoction  of  the 
bark  was  used  as  a  wash  for  ulcers. — Hayden,  Rep.  Sec.  War,  1858, 
2:736,  739;  Geyer,  290;  Hooker,  Lond.  Jour.  Bot.  6:237. 

Craitaegus  Columbiana,  Howell,  andC.  Douglasii,  L.  "Red  Haw," 

"Black  Haw." 
"The  fruit  is  eaten  fresh  and  mixed  with  choke-cherries  and  ser- 
vice  berries,  which  are  bruised,  then  pressed  into  cakes  and  dried  for 
winter  use." — Dodge,  413.  The  wood  was  used  for  making  '*camas 
sticks"  for  digging  these  and  other  roots.  These  sticks  were  about 
two  feet  long,  curved  like  a  saber  and  provided  with  a  crosspiece 
of  elk-horn  en  the  top  to  serve  as  a  handle.  "This  instrument  they 
used  with  astonishing  dexterity,  so  that  they  seldom  strike  the  point 
twice  after  the  same  bulb." — Geyer,  300.  Fruit  called  ."Stlak" 
by  the  Flathead  Indians. 

Echinacea  angustifolia,  DC.     "Rattlesnake  Weed;"  "Snake '.•u.;t." 
The  root  formerly  used  extensively  by  the  Indians  and  traders 
as  an  antidote  for  the     bite     of     the     rattlesnake. — Hayden,     738. 
Even  the  dried  root  has  a  smarting,  acrid  taste  and  causes  a  profuse 
flow  of  saliva. 

Elaeagnus  argentea,  Pursh.  "Silver-bush." 
The  fruit  is  edible  and  was  an  article  of  diet  amono;  the  Indians. 
Newberry,  Pop.  Sci.  Month.  32:45. 

Elymus  conderSc.tL'S,  Prcsl.    "Rye-grass;"  "Buffalo  Rye." 
The  seeds  were  used  for  food  by  the  Indians. — Covillc.    91. 
Promises  to  be  a  valuable  source  of  ergot. 

Ericooma  cuspidata,   Nutt.     "Indian   Millet:"         "Wild   Rice." 
The  seeds  were  ^fathered  and  used  for  food  bv  the  Indians.    Not 
rare  in  dry  sandy  places  eastward. 

Erythronium  grandiflorum,  Pursh.     "Dog-tooth  Violet." 
The  bulb-like  roots  were  eaten  to  some  extent  bv  the  Indians  and 
were  crushed  and  made  into  poultices  for  boils. — Chesnut,    326. 
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.  Evernia  vulpina  (L.)  Ach.    "Tree-moss." 
Employed  by  the  Indians  in  some  sections  for  making  clothing 
and  bedding,  as  a  yellow  dye,  a  yellow  paint  and  for  reducing  inflam- 
ation  of  ulcers. — Newberry,  41;  Coville,  88;  Chesnut,  300. 

Fatsia  horrida,  B.  &  H.    '^Devil's  Walking  Stick." 
Used  by  the  Indian  medicine-men  in  their  incantations. — Dodge, 
407.       An  aromatic  root  used  by  the  Crows  and  Cheyennes  mix- 
ed with  tobacco  to  smoke  for  the  headache  and  called  "Xoachist"  or 
"'stinking  medicine,"  appears  to  be  this  also. 

Fragaria  species.       "Wild  Strawberries.'* 
Eaten  fresh  by  the  Indians  or  dried  and  stored  for  winter  use. 
— DeSmet,  117;  Catlin,  122;  Dodge,  414. 

Fraxinus  viridis,  Michx.    "Green  Ash." 
The  wood  was  quite  generally  used  for  bows  by  the  Sioiix  and 
probably  other  tribes. 

Fritillaria  pudica,  Spreng.    "Yellow  Bell." 

According  to  Lewis  &  Clark  the  bulb  was  eaten  by  the  Indians. 
I^Ieehan,  44. 

Geranium  incisum,  Nutt.     ''Wild  Red  Geranium. 
The  root  is  an  astringent  and  has  been  used  as  a  remedy  for 
diarrhoea. 

Glyceria  fluitans,  R.  Br,  and  G.  aquatica,  Smith.     "Sweetgrass/' 
Used  by  the  Crows  and  other  tribes  to  burn  for  incense  during 
certain  ceremonies  and  the  seeds  were  used  for  food. 

Glcyrrhiza  lepidota,  Pursh.       "Wild  Liquorice  Root." 
'*Eaten  bv  the  Indians  of  Alaska  and  the  Northwestern  states." 
— Dodge,  407. 

Grindelia  squarrcsa,  Dunal.      "Rcsin-weed" ;  "Wild  Aniica". 
*'L'sed  by  the  Indians  as  an  antisyphilitic  in  decoction".    Chick- 
ering.     Made  into  tea  and  taken  for  kidney  trouble  by  the  Sioux ; 
called  by  them  "Aslimtka"  or  *'Slimpi". 

Helianthus  annuus,  L.     **Wild  Sunflower." 
The  seeds  of  this  plant  appear  to  have  been  an  important  article  of 
<liet  among  Indians  and  the  extensive  distribution  of  this  weed  over 
the  state  is  probably  largely  due  to  their  agency.      Havard  (p.  1686) 
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says  ^'Cultivated  by  the  Rees,  Gros  Ventres  and  Mandans  at  Ber- 

thold  Agency.      According  to  Dr.  Mathews,  U.  S.  A.  the  seeds  are 

dried,  slightly  scorched  in  pots  or  pans  on  the  fire  and  then  powdered. 

The  meal  is  boiled  or  made  into  cakes  with  grease.      The  sunflower 

cakes  are  often  taken  on  war  parties  and  are  said,  when  eaten  even 

sparingly,  to  sustain  the  consumer  against  fatigue  more  than  any 

ether  food."     The  cultivation  of  the  sunflower  is  also  mentioned 

in  Henry's  Journal   (  Coues,  1:338).       The  seeds  were  also  eaten 

raw  and  an  oil  was  extracted  from  them,  which  was  employed  for 

the  hair  or  "to  lubricate  or  paint  the  face  or  body." — Newberry,  34; 

Dodge,  419;  Lewis  &  Clark,  Coues  ed.  2:418. 

» 
Helianthus    Maximiliani,    Schrad.     ''Wild   Artichoke." 

Frequent  along  streams  in  the  eastern  part  of  the  state.      The 

tubers  are  dug  and  eaten  by  the  Sioux  and  other  tribes. 

Heracleum  lanatum,  Michx.      ''Cow  Parsnip". 

A  large-leaved,  fleshy  plant  common  in  low  ground  in  the  moun- 
tains.  The  young  shoots  of  the  plant  were  eaten  raw  by  the  Indians, 
much  as  we  do  celery.  Chesnut  (373)  reports  the  same  of  the  Indi- 
ans in  California  and  says  a  strong  decoction  of  the  roots  was  used 
as  a  cure  for  the  rheumatism. 

Ipomoca  leptophylla,  Torr.  "Rig  Root." 
"The  Cheycnnes,  Arapahoes  and  Kiovvas  roast  it  for  food  whi'^r 
pressed  bv  hunger,  but  it  is  by  no  means  palitsble  or  nutritious.. 
Its  enormous  size  and  depth  in  the  ground  make  its  c^traotiou  by 
the  ordinary  Indian  implements  a  work  of  much  difficulty." — Dodge^ 
407.      It  is  found  only  in  the  southestern  pari  of  the  state 

Iris  Missouriensis,  Xutt.      "Wild  Flag";  "Blue  Flag." 
A  decoction  of  the  rootstocks  was  used  by  the  medicine  men  ta 
Miduce  vomiting. — Coville,  93. 

Juncus  Balticus,  Willd.       "Wire-grass". 
Used  for  weaving  mats  and  light  baskets.       Coville  92. 

Juniperus  Sabina  procumbens,  Pursh.      "Trailing  Juniper." 
The  Indians  and  trappers  used  the  seeds  steeped  in  hot  water  for 

kidney  trouble  and  the  young  twigs  and  leaves  are  vused  for  incense 

bv  the  Crows  in  their  incantations.. 
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Juniperus  suopulorum,   Sargent.     "Red   Cedar/* 
The  arcmatic  twigs  are  burned  by  various  tribes  for  incense. 
The  most  generally  used  wood  in  the  state  for  fence-posts  on  ac- 
connt  of  its  durability. 

Leptctacnia  multifida,  Nutt.  ''Wild  Parsnip." 
"The  young  sprouts  have  a  pleasant  taste  and  are  collected  by 
Ihe  Indians  as  socn  as  they  appear." — Hooker,  237.  This  plant 
is  quite  generally  thought  to  be  poisonous  to  stock  in  early  spring 
and  its  use  as  an  article  of  diet  is  not  recommended  without  further 
experimentation. 

Lcucocrinum  montanum,  Xutt.       "Wild  Tuberose":  "Spring  Lily". 
The  roots  are  eaten  by  the  Crow  Indians  and  are  called  "Ecopa." 

Lewisia  rcdiviva,  Pursh.  "Hitter-root";  "Racine  amare'*. 
This  was  once  an  important  article  of  diet  among  the 
Indians  and  is  yet  used  to  a  considerable  extent.  "The 
root  is  dug  during  flower-time,  when  the  cuticle  is  easily 
removed;  by  that  it  acquires  a  white  color,  is  brittle, 
and  by  transportation  is  broken  into  small  pieces.  Before 
boiling  it  is  steeped  in  water,  which  makes  it  swell  and  after  boilins; 
it  becomes  five  or  six  times  larger  in  size,  resembling  a  jelly-liki 
substance." — Geycr,  308.  "It  is  very  nutritious,  but  has  an  exceed- 
ingly bitter  taste,  hence  its  name.  1  never  could  eat  it,  iniless  very 
huncrrv,  but  manv  of  the  mountaineers  are  verv  fond  of  it." — Stuart 
^y.  See  also  De  Smet,  116;  Dodge  407.  It  was  called  by  the  Flat- 
eads  "Spatlum"  and  by  the  Snakes  "Konah". 

Linum  Lcwisii,  Pursh.      "Blue  Flax"  ;  "Wild  Flax". 
The  fibers  made  from  the  bark  of  this  native  flax  were  quite 
generally  employed  by  the  Indians  for  cordage  and  in  the  warp  of 
mats,  the  mesh  of  snow-shoes,  in  fish-nets,  baskets,  etc. — Coville, 
92,  94,  99. 

Lithospermum  angustifolium,  Michx.      **Indian  Paint." 
The  root  is  said  to  produce  a  violet-colored  dye,  which  was  em- 
ployed by  the  Indians. 

Lobelia  inflata,  L.      "Indian  Tobacco". 
Said  by  Hayden  (2:739)  ^^  ^^  ^'cultivated  by  the  Crow  Indians 
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in  the  Yellowstone  valley  and  used  in  their  religions  ceremonies,'' 
but  the  species  is  no  longer  found  in  the  state,  though  common  far- 
ther east. 

Lomatium  smbiguum,  C.  &.  R.,  L.  montanum,  C.  &  R.,  L.  Cous,  C, 
&  R.,  L.  platycarpum,  C.  &  R.  and  L.  tritematum,  C.  &  R. 

**Rread-root" ;  **Racine  blanche";  "Cous" ;  "Cous  Root;'' 

"Biscuit-root". 
*'The  root  is  dug  in  April  or  May,  when  in  bloom.  When  fresh 
it  is  like  the  parsnip  in  taste,  and  as  it  dies,  becomes  brittle  and  very 
white,  with  an  agreeable  iHste  of  mild  celery.  It  is  easily  reduced 
to  flour.  '  Both  the  roots  and  the  flour  will  keep  several  months." 
— Dodge,  407,  408.  See  also  DeSmet,  116;  Xuttall,  27,  28;  Meehan, 
29  and  Hooker,  235. 

Lomatium  tritematum,  C.  &  R.     (and  L.  simplex,  C.  &  R.?). 
**The  fusiform  root  of  this  species  is  one  of  the  grateful  vege- 
tables of  the  Indians;  they  used  it  baked  or  roasted." — Pursh,  197. 
Also  eaten  raw.     The  first  species  occurs  only  in  the  western  part  of 
the  state,  the  other  is  common  throughout  the  mountains. 

Lonicera  involucrata,  Banks.      "Bearberrv"  ;  "Twinberrv". 
The  fruit  has  a  pleasant  acid  taste  and  is  collected,  dried,  and 
stored  bv  the  Indians  for  winter  use. 

Madia  glomerata,  Hook.      "Tarweed". 
The  dried  herbage  is  burned  as  incense  by  the  Crows  in  some 

of  their  cert  monies.       Seeds  said  to  be  used  for  food. 

«• 

Mamillaria  Missouriersis,  Sweet.       "Cushion  Cactus". 
The  fruit  is  red  when  ripe  and  eaten  by  the  Crows,  who  call  it 
"Michkideamachwa". 

Matricaria discoidea,  IX.      '*Green  or  Rayless  Dogfennel." 
A  decoction  of  the  herbs  and  flowers  used  to  check  diarrhoea. 
— Chesnut,  395. 


Mentha  Canadensis,  L.       **\Vild   Peppermint. 
J.eaves  made  into  tea  for  various  complaints. 

Mentzelisr  albicaulis,  Dougl.      *\Sand  Lily". 
Seeds  used  for  food. — Coville,  11. 


'♦ 
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Mentzelia  laevicaulis,  T.  &  G.     "Yellow  Sand  Lilv". 
A  decoction  of  the  leaves  is  taken  for  stomach  trouble  and  ap- 
\A\ed  as  a  lotion  in  certain  skin  diseases. — Chesnut,  370. 

Microseris  nutans,  Gray.       "Wild  Dandelion/' 
"Root  nearly  as  large  as  the  little  finger,  succulent  and  almost 
transparent,  full  of  bitterish,  milky  juice,  eaten  raw  by  the  Indians". 
•    Hooker,  254. 

Monarda  scabra,  Beck.      *'Horsemint". 
A  tea  made  from  the  leaves  is  used  by  the  Sioux  women  after 
confinement.      Called  by  the  Sioux  *'Okarini  pisten''  or  **Tak^n  skina 
zuhapi''.      The  Flatheads  apparently  use  it  for  a  similar  purpose. 

Moneses  uniflora.  Gray. 
Fruit  used  for  food  by  the  Indians. — Dodge,  41  j. 

Montia  asarifolia,  Howell ;  M.  perfoliata,  Howell  and  M.  parviflora, 

Howell.      **Squaw  Lettuce." 
Eaten  raw  by  the  Indians  as  a  relish. 

Morchella  species.     ''Morelle." 
The  Crows  sometimes  use  this  slimy  fungus  as  a  substitute  for 
soap. 

Museneon  Hookeri,  Nutt.      **Wild  Parsley*'. 
The  fleshy  root- of  this  species  is  eaten  by  the  Crows  and  called 
1;y  ihem  *'marshaspita." 

Negundo  aceroides,  Moench.      "Box  Elder". 
The  sap  of  this  tree  is  boiled  down  in  the  spring  and  made  into 
sugar  by  the  Sioux.     Chickering  reports  a  similar  use  (806). 

Nicotiana  quadrivalvis,  Pursh.  "Wild  Tobacco". 
This  species  was  once  cultivated  extensively  by  the  Indians 
throughout  the  state  for  smoking,  being  mixed  with  one  to  four  times 
its  bulk  of  **Larb"  (  Arctostaphylos)  or  of  "Kinnikinnink"  (Cornus 
stolonifera,  Mx.)  and  "The  tobacco  prepared  from  it  was  excellent." 
The  most  delicate  tobacco  was  prepared  from  the  flowers*  It  was 
never  chewed.  Yet,  at  the  present  time  this  species  is  not  known 
anywhere  in  the  state,  though  a  closely  related  species,  N.  attenuata. 
Torr.,  occurs  in  a  number  of  isolated  localities,  as  if  introduced.  See 
Pursh,  141;  Douglas,  102;  Dodge,  407,  and  Stewart,  92. 
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Nuphar  advena,  Ait.  "Yellow  Water-Lily". 
The  thick,  fleshy  rhizomes  of  this  and  the  related  X.  polysepal- 
iim,  Engelm.  were  an  important  article  of  diet  among  the  several 
tribes  and  were  said  to  be  sweet  and  glutinous  boiled  with  fowl  or 
other  meat;  the  seeds  were  collected,  parched  and  eaten  lilt* 
popcorn  or  ground  into  meal  for  thickening  soups;  the  mucilaginous 
seed-pods  *'are  well-flavored  and  nutritious",  while  the  dry,  porous 
rhizomes  were  ground  fine  and  applied  to  wounds  as  a  styptic 
(Sioux).      See  Newberry,  37;  Coville,  96  and  Dodge  407. 

Opuntia  polyacantha,  Haw.  "Prickly  Pear"  ;  *  Cactus." 
The  young  joints  of  the  prickly-pear  were  a  regular  article  of 
diet  with  the  Indians  of  the  plains  and  Geyer(26)  says  they  afforded 
"quite  a  reasonable  refreshment,  in  taste  resembling  raw  cucum- 
bers". Old  settlers  report  that  the  process  of  preparation  is  to  boil 
the  joints,  when  the  skin  with  its  prickles  is  easily  removed.  The 
soft,  pulpy  interior  is  then  fried  and  makes  and  excellent  dish.  The 
fruit  is  red  when  ripe  and  is  eaten  raw  by  the  various  tribes;  called 
"Michkidea"  by  the  Crows,  '*Pomme  de  racjuette"  by  the  French 
voyageurs  and  "Tunas"  by  the  Spanish-Americans.  The  fruit  is 
also  made  into  "preserves"  and  is  doubtless  utilized  in  other  ways. 
The  settlers  and  wood-choppers  along  the  Missouri  are  said  to  use 
the  plant  for  clearing  muddy  water.  The  thick,  fleshy  leaf-like 
stems  are  simply  split  and  placed  into  a  receptacle  of  water,  which 
is  at  once  cleared  by  the  extruded  mucilage — a  practice  doubtless 
learned  from  the  Indians.  In  times  of  scarcity  the  spines  are  sing- 
ed off  and  the  plants  are  fed  to  stock. 

Oxyria  digyna,   Campd.       "Mountain   Sorrel." 
The  acid-tastincr  leaves  were  sometimes  used  as  a  salad  bv  the 
Inrjians — Dodge,  422.    Found  only  in  the  mountains  above  6000  feet. 

Petalostemon  violaceus,  Michx.       "Red  Tassel-flower." 
The  bruised  leaves  steeped  in  water  arc  applied  to  fresh  wounds. 
— Li'wis  &  Clark  label  in  Meehan,  2^. 

Philadelphus  Lewisii,  Pursh.       "Wild  Syringa." 
The  stems  of  this  shrub  were  used  for  arrow-making. — Coville, 

97- 

Phragmitcs  communis,  Trin.      "Reed  Grass";  "Cane  Grass". 
It  grows  to  immense  size  (15  to  18  feet)  on  the  tributaries  of  the 
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Missouri  and  the  hard,  indurated,  hollow  culms  were  used  for  pipe- 
stems,  arrow-shafts  and  in  basket-making,  while  the  seeds  were  an 
article  of  food.       See  Coville,  91. 

Pinus  albicaulis,  Engelm.    "Nut  Pine";  **Alpine  Pine''. 
The  Indians  were  accustomed  to  peel  off  the  outer  bark  of  this 
species  and  then  scrape  off  the  inner  (called  "Sliva")  for  food.     The 
nuts  of  this  and  P.  flexilis,  James  were  also  an  important  articl**  of 
food  and  were  called  '*Tibap"  by  the  Snakes. 

Pinus  Murrayana,  Murr.  "Lodge-pole  Pine". 
The  inner,  cambium  layer  of  the  bark  of  this  specis  was  also 
eaten  bv  the  Indians  in  times  of  scarcity  and  bashft^  were  riade 
from  sections  of  the  younger  bark,  while  the  almost  exclusive  use  of 
the  smaller  trees,  stripped  of  their  bark,  for  lodge-poles  by  the  various 
tribes  has  given  it  its  name  and  the  Indians  of  the  plains  were  often 
con'pellcd  to  travel  hundreds  of  miles  to  some  fixed  locality  in  the 
mountains,  where  at  a  stated  period  during  the  summer  they  met  to 
^lunt  an'.'  lay  in  a  supply  of  this  necessary  article.  The  poles  are 
slender,  straight  and  light  and  this  species  is  practically  the  only  tree 
of  this  region  suitable  for  forming  the  frame-work  of  their  teepees 
and  capable  of  easy  transportation.     I'sed  extensively  for  lumber. 

Pinus  ponderosa,  Dougl.      "Yellow  or  Missoula  Pine.*' 
The  trunks  were  hollowed  by  fire  into  "dug-outs*',  the  twigs  used 
for  twirling-sticks  in  fire-production  and  the  inner  bark  was  employ- 
ed lor  food  in  the  spring. — Coville,  89.     The  most  important  lumber 
irc<'  \\\  t!ic  state. 

Polygala  alba,  Nutt. 
A  decoction  of  the  roots  is  used  by  tlie  Sioux  for  ear-ache.     An 
article  of  barter  among  the  tribes. 

Polygonum  Douglasii,  Greene. 
The  seeds  were  parched  and  made  into  meal  by  some  of  the 
tribes.       Coville,  95. 

Polygonum   emersum,  Britton. 
The  young  shoots  were  eaten  in  the  spring  by  the  Sioux  as  a 
relish.  ' 
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Populus  angustifolia,  James ;  P.  balsamifera,  L. ;  P.  dcltoides.  Marsh 

and  P.  tremuloides,  Michx. 
The  various  species  of  "cottonwood"  and  "quaking  asp"  were 
utilized  by  the  Indians  largely  for  fire  and  shelter  during  the  winter, 
the  young  twigs  were  fed  to  their  horses  when  other  food  was  not 
obtainable,  the  inner  bark  was  considered  a  valuable  mucilaginous 
and  anti-scorbutic  food  as  was  sometimes  used  for  "kinnikinnink". 
while  the  bark  of  P.  tremuloides  was  sometimes  employed  as  cordage. 
P.  deltoides  is  used  to  some  extent  for  lumber,  but  warps  badly 
unless  carefully  seasoned. — Havard,  1682;  Coues'  Lewis  &  Clark, 
1 :220 ;  Coville,  94. 

Potentilla  Anserina,  L. 

**The  roots  are  eaten  by  the  natives  and  taste  like  sweet  potatoes*.. 
— Lewis  label,  Meehan,  25. 

Prunus  Americana,  Marsh.  ''Wild  Plum." 
A  small  tree  or  shrub  not  infrequent  in  the  coulee  thickets  in  the 
plains  region.  The  ripe  plums  of  this  species  were  used  by  the 
Crow  Indians  both  fresh  and  dried  for  winter  use  and  now  appear 
upon  our  markets  in  season  as  ''wild  plums."  As  a  hardy  plum 
adapted  to  our  climate  it  offers  great  horticultural  possibilities, 
though  it  rarely  here  ever  becomes  more  than  a  shub  12  or  15  ft  high. 

Prunus  demissa,  Walp.  "*Choke  Cherry." 
Called  "Malupwa"  by  the  Crows  and  **Schlascha"  by  the  Flat- 
head Indians.  The  dried  roots  are  chewed  and  placed  in  wounds  to 
stop  bleeding  by  the  Sioux ;  the  bark  is  made  into  tea  as  a  remedy 
for  dysentery;  the  wood  is  fashioned  into  ''medicine-spoons,"  some 
three  feet  long  for  use  in  the  ceremonial  dog  feasts  of  the  Sioux; 
the  straight  shoots  were  made  into  arrow-shafts  and  the  fruit 
is  an  important  article  of  diet  in  the  economy  of  the  Indian  house- 
hold. The  fruit  is  collected,  crushed  in  a  mortar,  cut  into  strips 
three  or  four  inches  long  and  one  wide,  dried  and  stored  for  win- 
ter use.  It  was  also  eaten  fresh  and  was  an  important  ingredient  in 
the  preparation  of  "pemmican",  so  highly  valued  by  the  trapper  and 
hunter  of  the  early  day.  Nor  has  its  value  as  a  food  diminished 
with  the  coming  of  civilization.  The  ripe  fruit  of  this  species  is  col- 
lected each  fall  in  many  parts  of  the  state  and  made  into  wine  and 
marmalade.     The  latter  is  usually  prepared  by  cooking  the  ripe  fruit.. 


-•20  BULI^TIN  NO.  56. 

"Straining  out  the  seeds  and  skins  through  a  colander,  and  then  mix- 
ing with  an  equal  quantity  of  plums  or  crab-apples  to  modify  the 
harsh,  astringent,  bitterish  taste.  This  "choke-cherry  butter" 
thus  prepared  is  highly  prized  as  a  food  throughout  the  state  and 
only  needs  to  be  better  known  to  become  a  regular  article  of  com- 
jmerce. 

Pseudotsuga  mucronata,  Sudw.    "Red  Fir" ;  "Dougias  Fir*'. 

The  leaves  are  sometimes  used  as  a  substitute  for  coffee  and  in 
^he  sweat-bath  as  a  cure  for  rheumatism,  while  the  spring  buds  are 
made  into  a  decoction  as  a  remedv  for  certain  venereal  diseases. 
Chesnut,  309.     Now  used  extensively  for  lumber. 

Psoralea  argophylla,  Pursh. 
**A  decoction  of  the  plant  used  by  the  Indians  to  wash  their 
^vounds." — Lewis  label  in  Meehan,  23. 

Psoralea  esculenta,  Pursh.  "Indian  Turnip";  "Bread-root". 
The  "pomme  blanche"  and  "pomme  de  prairie"  of  the  French  voy- 
ageurs  the  "Aha"  and  "Esharusha"  of  the  Crows  and  the  "Tipsin- 
nah"  of  the  Sioux.  *T'he  famous  Bread-root  of  the  American  West- 
cm  Indians  on  which  they  partly  subsist  in  winter.  They  collect 
them  in  large  quantities  and,  if  for  present  use,  roast  them  in  the 
-ashes,  when  they  give  a  food  similar  to  yams ;  if  intended  for  winter 
Tise,  they  are  carefully  dried  and  preserved  in  a  dry  place  in  their 
3iuts.  When  wanted  for  food,  they  are  mashed  between  two  stones, 
mixed  with  some  water  and  baked  in  cakes  over  the  coals.  It  is 
a  wholesome  and  nourishing  food." — Pursh,  476.  These  tuber-like, 
starchy  roots  are  yet  dug,  peeled,  sliced  into  strips  and  dried  for  win- 
ter food  by  the  tribes  of  the  plains  where  the  plant  is  native. 

Pteris  aquilina,  L.  "Brake  Fern". 
The  root  is  used  for  food  by  many  of  the  tribes,  the  bark  being  re- 
moved and  the  white  "heart  being  roasted,  it  resembles  both  in  ap- 
pearance and  flavor  the  dough  of  wheat.  It  has  a  pungency  which 
is  disagreeable  to  the  whites,  but  by  the  aborigines  is  much  relished 
*ind  it  proves  to  be  nutritious." — Dodge,  408.  Found  here  only  west 
of  the  Divide. 

Purshia  tridentata,  DC. 

The  roots  are  steeped  in  water,  which  is  used  for  lung  troubles 
^nd  is  reputed  of  high  value  by  the  Indians.      The  dry  ripe  fruits 
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are  mashed  in  cold  water  and  employed  as  an  emetic,  while  the 
outer  seed-coats  are  used  to  make  a  purple  stain  for  wood. — Coville, 
98. 

Rhamnus  Purshiana,  DC.  "Cascara  Tree." 
The  leaves,  bark  and  fruit  are  made  into  a  decoction  and  used  as 
an  emetic  by  Indians. — Coville,  100.  The  fruit  is  reputed  poisonous 
by  the  Flatheads.  The  bark  is  now  largely  the  source  of  the  Cas- 
cara  Sagrada  of  medicine.  Noted  in  the  state  only  around  the 
Mission  Mountains. 

Ribes  setosum,  Lindl.,  R.  floridum,  L'Her.,  R.  lacustre,  Poir.,  R. 
aureum,  Pursh,  R.  petiolare  Dougl.,  R.  viscosisimum,  Pursh 
and  R.  cereum,  Dougl.     **Wild  Gooseberry";  Wild  Currant". 

All  these  species  and  some  others  were  employed  by  the  Indians 
as  an  article  of  diet  and  highly  esteemed,  though  the  viscidity  of 
the  fruit  of  the  last  two  species  and  R.  lacustre  render  them  ob- 
jectionable to  more  fastidious  tastes.  The  fruit  of  R.  setosum  and 
R.  floridum  is  still  sought  in  season  in  the  settled  communities,  where 
the  garden  varieties  are  not  obtainable. 

Rosa  acicularis,  Lindl.,  R.  Nutkana,  Lindl.,  R.  Sayi,  Schwein,  and 

R  Woodsii,  Lindl.     Wild  Rose." 

The  fruit  of  these  various  species  was  utilized  by  the  Indians, 
for  food  an<l  the  **hips"  of  the  first  two  species  after  frost  arc  quite 
palatable,  but  that  of  the  hst,  though  cccasicnzilly  used  by  the  Sioux 
in  extremity,  is  not  to  be  recommended.  The  latter  is  the  wild  rose 
of  the  plains,  the  others  are  found  only  in  the  mountains.  See  De 
Smet,  116;  Havard,  1683. 

Rhus  trilobata,  Nutt.      "Sweet  Sumac". 
The  aromatic,  acid  berries  are  eaten  by  the  Indians  and  hunters 
and  the  powdered  fruit  is  applied  as  a  lotion  or  dusted  upon  the 
effected  surface  in  cases  of  small-pox. — Geyer,  37;  Chesnut,  365. 

Rubus  Nutkanus,  Moc.  "Timble-berry" ;  "Salmon-berry." 
In  spring  the  Indians  consume  the  young  sprouts  in  great  quan- 
tities. They  are  very  tender  with  a  slightly  acid  and  astringent 
taste  and  are  highly  relished.  They  are  a  valuable  alterative  and 
antiscorbutic. — Dodge,  415.  These  young  sprouts  were  eaten 
raw  or  tied  into  bundles  and  steamed. — Meehan,  26. 
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Rubus  strigosus,  Michx.      "Red  Raspberry". 
The  wild  raspberry  is  frequent  in  the  mountains  and  its  fruit 
is     highly     esteemed     by  both  whites  and  aborigines.      The  black 
-species  (R.  leucoderme,  Dougl.)  is  much  less  frequent,  being  foun<l 
only  west  of  the  Divide. 

Rumex  crispus,  L.,  R.  salicifolius,  Weinm.  and  R.  occidentalis,  Wats. 

"Dock;"  "Sour  Dock". 
The  leaves  of  these  species  are  used  for  "greens"  in  the  spring 
by  the  Indians  and  whites;  and  the  seeds  were  also  used  for  food 
^by  the  former. — Coville,  95 ;  Chesnut,  346. 

Rumex  Gcyeri,  Trel.       "Mountain  Dock." 
The  herbage  was  eaten  raw  by  the  Indians. — Coville,  90.     Found 
only  in  the  mountain  meadows. 

Sagittaria  arifolia,  Nutt.  "Wappatoo"  ;  "Swamp  Potato". 
Common  in  slow-flowing  streams  throughout  the  state.  The 
tubers  are  "generally  as  large  as  hen's  eggs  and  are  greatly  relish- 
«ed  when  raw,  but  have  a  bitter,  milky  juice,  not  agreeable  to  civili- 
zed man.  This  is  destroyed  in  boiling,  however,  and  the  roots  are 
rendered  sweet  and  palatable." — Dodge,  408.  See  also  DeSmet, 
116.  The  Indians  wade  into  the  water  and  loosen  these  tubers  with 
their  feet,  when  they  float  to  the  top  and  are  collected. 

Salix  fluviatilis,  Nutt.  and  S.  exigua,  Nutt.  "Narrow-leaved  Willow." 
Common  along  the  Missouri  and  its  tributaries  up  to  5000  feet. 
This  was  the  species  commonly  used  by  the  Indians  to  make  the 
framework  of  their  "sweat  tepees",  which  was  then  covered  with 
skins  or  blankets  and  filled  with  steam  produced  by  pouring  water 
over  hot  stones.  After  profuse  perspiration  in  this  steam  chamber, 
the  subject  was  taken  out  and  doused  with  cold  water,  after  the 
manner  of  the  Russian  bath.  This  remedy  for  colds,  rheumatism 
and  various  other  diseases  is  still  employed  extensively  by  the  In- 
dians and  their  camping  places  are  always  marked  by  the  abandoned 
framework  of  these  sweat-tepees,  which  were  formed  by  sharpening 
T)Oth  ends  of  willow  poles  12  or  15  feet  long,  bending  them 
over  and  sticking  both  ends  into  the  ground  from  various  directions. 
The  Mandans  wove  mats  for  the  floor  out  of  willows,  the  Flatheads 
made  baskets  cemented  with  gum  in  which  they  cooked  fish  by  heat- 
-ing  the  water  with  hot  stones  and  they  were  extensively  used  for 
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cordage  by  all  the  tribes.  The  bark  is  also  said  to  be  used  as  a 
remedy  for  certain  fevers.  See  De  Smet,  119;  Coues'  Lewis  & 
Clark,  2:410  and  Henry's  Journal,  1:339. 

Salix  Mackenziana,  Barratt.      "Diamond  Willow". 
The  younger  stems  form  diamond-shaped  excrescences  about  the 
■**knots"  and  are  quite  ornamental  when  the  bark  is  removed.     Em- 
ployed extensively  for  making  "walking-sticks." 

Sambucus  glauca,  Nutt.  '*Elder-berry'\ 
The  fruit  of  this  species  is  sweet  and  edible  and  was  eaten  raw 
or  cooked.  It  is  now  frequently  employed  for  pies,  jelly  and  wine, 
but  the  fruit  lacks  acidity.  A  decoction  of  the  dried  flowers  is  ap- 
plied externally  as  a  remedy  for  sprains  and  bruises  and  in  fevers,  as 
an  antiseptic  wash  for  open  sores  and  for  the  itch  and  is  used  in- 
ternally for  lung  and  stomach  troubles,  while  the  inner  bark  is  a 
strong  emetic.  The  wood  is  used  as  a  twirling-stick  in  fire-making 
See  Chesnut,  389;  Geyer,  1846;  Newberry,  45.  Found  here  only 
west  of  the  Divide. 

Sarcobatus  vermiculatus,  Torr.       "Greasewood". 
The  young  twigs  of  the  greasewood  are  said  to  make  excellent 
"'greens"  and  the  early  settlers  probably  learned  their  use  from  the 
Indians. 

Scirpus  canfipestris,  Britton. 
Found  abundantly  about  alkali  lakes  in  the  plains.      The  large 
pear-shaped  tubers  were  extensively  employed  for  food  by  the  In- 
diana and  were  dug  in  the  autum. — Geyer,  290. 

Scirpus  lacustris  occidentalism  Wats.  "Bulrush;*'  *Tule." 
A  tall  sedge  growing  in  the  water  and  in  wet  places,  not  in- 
frequent. The  roots  were  eaten  by  the  Indians  both  raw  and  made 
into  bread.  Tlie  *'flour  is  white,  sweet  and  very  nutritious."  A 
:syrup  was  made  from  them  by  boiling  with  water  and,  chewed  dry, 
served  as  a  preventative  to  thirst.  The  stems  were  used  for 
making  mats  and  the  seeds  were  employed  for  food.  The  young 
shoots  are  pulled  up  and  eaten  in  the  spring  by  the  Sioux. — Coville 
92;  Dodge,  408. 

Shepherdia  argentea^   Nutt.     "BuflFalo-berry ;"  '"Bull-berry. *' 
Cominon  along  the  Missouri  and  its  tributaries  up  to    4000  feet. 


£1  BULLETIN  NO.  50. 

The  red,  acid  fruit  is  highly  esteemed  by  all  the  tribes  of  the  plains 
and  was  eaten  both  fresh  and  dried  for  winter  use.  Called  "Marish- 
isha"  by  the  Crows,  **Ingahawmp''  by  the  Snakes  and  '*Graisse  de 
boeuf"  by  French  voyageurs.  Nor  has  its  value  diminished  with  the 
coming  of  civilization  for  they  are  still  found  in  our  autumn  mar- 
kets and  are  highly  esteemed  for  jelly,  the  demand  exceeding  the 
supply.  If  the  larger,  sweeter,  yellow  colored  variety  could  be 
made  thornless,  it  would  become  one  of  the  most  valued  fruits  of 
the  orchard  for  the  whole  semi-arid  region  of  the  plains. 

Shepherdia  Canadensis,  Xutt. 
A  shrub  of  the  mountain  region  and  far  northward ;  fruit  red. 
sometimes  yellow.  The  bark  is  used  by  the  Sioux  as  a  remedy 
for  diarrhoea  and  the  root  said  to  be  a  cathartic,  while  the  fruit  is 
very  acrid  and  reputed  poisonous,  but  yet  is  employed  by  the  Flat- 
head Indians  and  the  whites  in  that  section  to  concoct  a  peculiar 
drink,  which  is  greatly  prized  and  highly  recommended.  A  table- 
spoonful  of  the  ripe  berries  is  tied  up  in  a  cloth  bag  and  rubbed 
up  with  a  cup  of  water  in  a  clean  pail,  so  that  it  forms  a  large  mass 
of  foam,  somewhat  resembling  ice-cream,  to  which,  when  nearly 
done,  is  added  sugar  and  lemon  or  vanilla  to  suit  the  taste.  The 
resultant  product  is  said  to  be  slightly  bitter,  but  a  liking  for  the 
beverage  is  soon  acquired. 

Sisymbrium  incisum,  Engelm.      ''Tansy  Mustard." 
The  seeds  are  parched  and  ground  for  food  by  the  Indians. — 
Coville,  97. 

Sium  cicutaefolium,  Cmiel. 
According  to  Coville  (1C2)  the  herbage  of  this  plant  has  an  aro- 
matic flavor  and  is  eaten  as  a  relish  by  the  Indians. 

Symphoricarpus  occidentalis,  Hook.  *']imGheTTy]''  "Buckbush." 
The  fruit  of  this  and  related  species  was  eaten  by  the  Sioux 
and  other  tribes,  the  slender  twigs  were  used  for  arrow-shafts 
and  the  collected  shrubs  were  made  into  brooms.  See  Dodge,  415; 
Chesnut,  391. 

Taxus  brevifolia,  Nutt.      "Ground  Hemlock." 
The  wood  was  used  by  the  Indians  for  making  bows. — Ches- 
nut, 305;  Coville,  89. 
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Thuja  pUcata,  Don.       "White  Cedar";  "Cedar". 

The  bark  was  used  by  the  Indians  to  make  canoes  and  for  the 
frame-work  of  "basket-willows" ;  the  inner  bass  was  made  into 
sacks,  into  cords  for  fishnets,  and  woven  into  cloth;  the  wood  was 
employed  for  floats  for  their  nets;  the  roots  were  used  for  making 
baskets  and  the  cambium  in  the  spring  was  utilized  for  food,  eaten 
fresh  or  pressed  into  cakes  and  dried  for  storage. — Dodge,  411,  412; 
Geyer,  290;  Douglas,  90,  117;  Hooker,  98. 

The  wood  is  now  extensively  used  for  shingles  and  lumber,  for 
fence  posts  and  for  paving. 

Triglochin  maritimum,  L. 
The  seeds  were  used  for  food  by  the  Indians. — Coville,  90. 

Tsuga  hcterophylla,  Sargent.      "Hemlock". 
The  bark  was  used  by  the  Indians  for  tanning  and  the  cambium 
was  made  into  a  coarse  bread. — Sargent,  Sylva,  11:93,  i^-75- 

Typha  latifolia,  L.  "Cat-tail" ;  "Cat-tail  Flag". 
The  young  roots  and  shoots  are  eaten  raw  by  the  Sioux  and 
other  tribes ;  the  leaves  were  used  for  matting  and  the  "down"  of 
the  fruit-spikes  for  bedding  and  for  application  to  burns  and  scalds. 
— Bradbury,  62;  Geyer,  290;  Chesnut,  310;  Coville,  90.  The  Sioux 
were  accustomed  to  treat  small-pox  by  frying  out  the  fat  of  the 
coyote  and  making  a  plaster  by  mixing  it  with  the  "down"  of  the 
fruit,  which  they  applied  to  the  pustules  of  the  patient. 

Ulmus  Americanus,  L.      "Elm";  "White  Elm". 
The  inner  bark  was  used  as  an  emollient  for  tumors.       Coues' 
Lewis  &  Clark,  i  -.50. 

Urtica  gracilis,  Ait.      "Nettle" ;  "Stinging  Nettle". 
The  root,  called  by  the  Sioux  "Shanpi"  or  "Wicaro  nakum."  was 
used  as  a  remedy  for  retention  of  urine.      The  bark  appears  to  have 
been  used  for  cordage  and  the  young  shoots  were  employed  as  a  pot- 
lierb. 

Vaccinium  membranaceum,  Dougl.       "Huckleberry." 
The  ripe  fruit  was  gathered  extensively  in  season  and  eaten 
fresh  or  dried  for  winter.        It  is  found  abundant  in  the  mountains 
and  is  still  highly  valued  for  making  pies,  jelly  etc.,  for  which  it 
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can  occasionally  be  purchased  in  the  markets.  The  fruit  of  other 
species  of  Vaccinium  was  also  an  article  of  diet  of  the  Indians,  but 
of  little  importance  compared  with  the  last. 

Valeriana  edulis,  Nutt.       *'Tobacco-root". 

Called  **Quee"  or  Queeah"  by  the  Snakes,  and  **Racine 
de  tabac,"  by  the  Canadian  voyageurs  and  trappers 
**This  is  a  root  about  the  size  and  leng^th  of  the  fing^er ; 
it  is  of  a  deep  yellow  color  and  grows  on  the  bottoms  along  many 
of  the  streams.  It  is  poisonous  when  raw,  but  the  Indians  cook 
large  quantities  of  it  in  a  kind  of  kiln,  the  process  occupying  sev- 
eral days.  When  done  it  is  perfectly  black  and  very  sticky.  It 
has  a  very  strong  smell,  which  is  extremely  offensive  to  those 
who  are  not  used  to  it.*' — Stuart,  93.  *'When,  like  Ganiass,  it  is 
an  agreeable  food  to  the  Indians,  but  very  disgusting  to  white  peo- 
ple, having  the  nauseous  odor  of  chewed  tobacco." — Hooker.   239. 

The  plant  is  frequent  throughout  the  mountainous  parts  of 
the  state  and  in  the  fresh  state  the  root  tastes  much  like  the  raclisb^ 
but  is  reputed  poisonous.     See  also  Geyer,  297;  Dodge,  409;    Gray, 

1 1 :43- 

Vicia  Americana,  Muhl.     "Wild  Pea.'*  .  . 

**When  young  it  is  often  cooked  and  eaten  for  greens  by  various 
tribes." — Chesnut,  362. 

Vitis  vulpina,  L.       "Wild  Grape". 

This  is  native  in  the  state  up  the  Missouri  as  far  as  Poplar  (Ft. 
Peck),  up  the  Ycllowston.e  to  Pompey's  Pillar  and  the  Little  Rig 
Horn  to  beyond  the  Crow  Agency.  The  fruit  is  collected  and 
eaten  both  fresh  and  dried  by  the  Sioux  and  Crows. 

Wyethia  amplexicaulis,  Nutt. 

•'The  root  after  heat  and  fermentation  by  which  process  it  be- 
comes somewhat  saccharine,  is  then  eaten  by  the  natives." — Xuttall, 

38. 

Wyethia  helianthoides,  Xutt.      ''White  Sunflower". 

This  and  Ralsamorrhiza  sagittata,  Nutt.  were  treated  like  the 
last  and  employed  for  food. — Nuttall,  40. 
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Xerophyllum  Douglasii,  Wats,  and  X.  tenax,  Nutt.  "Bear-grass." 
**This  plant  is  very  useful  to  the  natives ;  out  of  its  very  tenacious 
leaves  they  weave  their  water-tight  baskets,  which  they  use  for  cook- 
ing their  victuals  in." — Pursh,  243.  See  Lewis  label  in  Meehan,  44. 
One  or  the  other  of  these  species  is  common  along  the  main  chain  of 
the  Rockies  in  the  open  forests  at  medium  elevations  and  frequent 
west  of  the  Di\ade  and  is  destined  to  play  an  important  part  in  our 
economic  life,  when  its  value  has  once  been  tested. 

Yucca  angustifolia,  Nutt.  "Soap  Weed,"  **Grass  Cactus." 
The  roots  of  this  species  appear  to  have  been  extensively  em- 
ployed as  a  substitute  for  soap  by  the  various  tribes  occupying  the 
eastern  plains,  where  it  is  native.*  It  is  said  to  be  particularly  valu- 
able as  a  hair-wash,  yielding  a  lustre  not  otherwise  obtainable.  See 
Doclge,  43. 

Zygadenus  venenosus,  Wats.  "Death  Camas". 
'■"Rather  generally  used  as  an  external  cure  for  boils  and  rheum- 
atism and  to  alleviate  pain  caused  by  strains  and  bruises.  The 
bulbs  are  generally  cooked,  mashed  and  bound  as  a  poultice  to  the 
parts  affected  for  about  12  hours".  For  the  cure  of  rheumatism  the 
fresh  bulb  is  mashed  and  rubbed  on  the  affected  joints  twice  a  day 
for  a  period  of  about  a  month. — Chesnut,  322 ;  Coville,  93. 


In  addition  to  the  plants  now  native  within  the  state  the 
various  tribes  cultivated  certain  other  plants,  which  now  have  long 
been  domesticated,  such  as  the  bean  (De  Smet;  Lewis  &  Clark"), 
the  water-melon,  (De  Smet),  maize,  the  potato,  (De  Smet,  116)  and 
the  tobacco   (Douglas,   102). 


Pemmican  was  made  by  the  Sioux  and  other  tribes  by  mixing 
certain  berries,  such  as  the  buffalo-berry,  the  choke-cherry  and  the 
sarvice  berry  with  the  fat  of  the  buffalo,  pounding  up  the  whole  and 
packing  away  in  skins.  Sometimes  jerked  buffalo  was  put  into  an 
oven  to  render  brittle,  beaten  up  on  a  skin  with  these  berries,  some 
marrow-fat  being  added  to  give  consistency,  and  finally  packed  in 
skin  bags.  This  was  a  regular  article  of  commerce  and  highly  priz- 
ed by  the  old  trappers  and  hunters  for  its  portability  as  a  condensed 
iood  and  for  its  keeping  qualities.  Later  the  flesh  and  tallow  of  the 
ox  was  substituted  for  that  of  the  buffalo  and  is  still  used  to  some 
extent. 
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Besides  the  native  poisonous  herbs,  like  the  water-hemlock  and 
the  death  camas,  the  Flathead  medicine  men  were  said  to  distil 
a  particularly  virulent  poison,  the  effect  of  which  was  slow  but  sure. 
They  were  accustomed  to  hang  up  a  toad  by  its  hind  legs  until  dead, 
then  allow  it  to  putrify,  collecting  the  drops  of  liquid  exuding  and 
preserving  them  to  administer  to  doubting  Thomases  or  undesirable 
friends.  This  bacterial  ptomaine  should  therefore  be  called  to  the 
attention  of  physicians  having  to  do  with  the  various  tribes. 
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NATIVE  PLANTS  ARRANGED  BY  THEIR  USES. 


I.     DOMESTIC  ARTS. 

1.  IMPLEMENTS. 

For  War,  Hunting  and  Fishing: 

Arrow-shafts:  Amelahchier  alnifolia,  Philadelphus  Lewisii, 
Phragmites  communis  Prunus  demissa,  Symphoricarpus  occedentalis 

Bows:     Fraxinus  viridis,  Taxus  brevifolia. 

Canoes:     Betula  papyrifera,  Pinus  ponderosa,  Thuja  plicata. 

Fishnets:  Acer  glabrum,  Cornus  stolonifera,  Linum  Lewisii, 
Thuja  plicata. 

Fish-spears :     Cercocarpus  ledifolius. 

For  Household  Employments: 

Brooms:     Symphoricarpus  occidentalis. 

Digging-sticks :     Cercocarpus   ledifolius,    Crataegus   Douglasiu 

Pipe-stems:     Phragmites  communis. 

Walking-sticks:     Salix  Mackenziana. 

Twirling-sticks :  Artemisia  tridentata,  Pinus  ponderosa,  Thuja 
plicata. 

2.  CEREMONIAL  AGENTS. 

Incantations:     Fatsia  horrida,  Lobelia  inflata. 
Incense:    Abies  lasiocarpa,  Glyceria  aquatica,  G.  fluitans  Juni* 
perus  scopulorum,  J.  Sabina  procumbens,  Madia  glomerata. 
Medicine  Spoons:     Prunus  demissa. 

3.  GENERAL  UTILITIES. 

Lodge^poles:     Pinus  Murrayana. 

Sweat  tepees:     Salix  fluviatilis,  S.  exigua. 

Lumber:  Pinus  ponderosa,  P.  Murrayana,  P.  monticola,  Larix 
occidentalis,  Picea  Engelmanni,  P.  alba,  Populus  deltoides,  Pseu- 
dotsuga  mucronata.  Thuja  plicata. 

Fencing:     Juniperus  scopulorum,  Thuja  plicata. 

Ornamental  vines:  Ampelopsis  quinquefolia.  Clematis  ligus- 
ticifolia,  Lonicera  ciliosa,  Humulus  Lupulus,  Echinocystis  lobata. 

Fibers  and     cordage:     Apocynum     androsaemifolium,     Linumi 
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Le\Visii,  Populus  tremuloides,  Salix  fluviatilis,  S.  exigua,  Thuja  pli- 
cata,  Urtica  gracilis,  Xerophyllum  Douglasii,  X.  tenax. 

Baskets:  Betula  papyrifera,  Junciis  Balticus,  Phragmites  com- 
munis, Thuja  plicata,  Salix  fluviatilis,  S.  exigua,  Xerophyllum  Doug- 
lasii, X.  tenax. 

Mats:  Carex,  Juncus  Balticus,  Linum  Lewisii,  Salix,  Scirpus 
lacustris,  Typha  latifolia. 

Clothing  and  bedding:  Evernia  vulpina,  Thuja  plicata,  Typha 
latifolia. 

Soap:     Morchella,  Yucca  augustifolia. 

Hair-washes.     Yucca  angustifolia. 

Oils:     Helianthus  annuus. 

Paints,  dyes  and  stains:  Evernia  vulpina,  AInus,.  tenufolia, 
Bazzania  trilobata,  Lithospermum  angustifolium,  Purshia  tridentata. 

Tanning:     Alnus  tenuifolia,  Tsuga  heterophylla. 

Clearing  water:    Opuntia  polyacantha. 

Weather  Prediction:     Bouteloua  oligostachya. 

Branding:    Asclepias  speciosa. 

II.    FOODS. 

I.     FOODS  PROPER. 

Roots,  Bulbs  and  Tubers:  Allium,  Balsamorrhiza  incana,  B. 
sagittata,  Calochortus,  Camassia  esculenta,  Carum  Gairdneri,  Clay- 
tonia  multicaulis,  Cnicus  eriocephalus,  Erythronium  grandiflorum, 
Fritillaria  pudica,  Glycyrrhiza  lepidota,  Helianthus  Maximiliani, 
Ipomoea  leptophylla,  Leucocrinum  montanum,  Lewisia  rediviva, 
Lomatium  Cous  &  spp.,  Microseris  nutans,  Musenion  Hookeri,  Nu- 
phar  advena,  N.  polysepalum,  Potentilla  anserina,  Psoralea  escul- 
enta, Pteris  aquilina,  Sagittaria  arifolia,  Scirpus  campestris,  S.  lacus- 
tris, Typha  latifolia,  Valeriana  edulis,  Wyethia  helianthoides,  W. 
amplexicaulis. 

Herbage:  Salads  and  Relishes:  Balsamorrhiza  sagittata, 
Carex,  Cnicus  eriocephalus,  Heracleum  lanatum,  Leptotaenia  multi- 
Ada,  Montia  asarifolia,  M.  perfoliata,  M.  parviflora,  Oxyria  digyna. 
Polygonum  emersum,  Rubus  Nutkanus,  Rumex  Geyeri,  Scirpus 
lacustris,  Sium  cicutaefolium,  Typha  latifolia. 
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Pot-herbs  and  Greens:  Alectoria  Fremontii,  Amaranthus  bli- 
toides,  Chenopodium  album,  Opuntia  polyacantha,  Rumex  salici- 
^olius,  R.  occidentalis,  Sarcobatus  vermiculatus,  Urtica  gracilis,. 
Vicia  Americana. 

Bark:  Pinus  albicaulis,  P.  Murrayana,  P.  ponderosa,  Thuja 
plicata,  Tsuga  heterophylla,  and  other  Conifers. 

Fruits  and  Seeds:  Amaranthus  blitoides,  Ampelopsis  quinque- 
folia>  Arctostaphylos  Uva-ursi,  Asclepias  speciosa,  Astragalus 
caryocarpus,  Balsamorrhiza  sagittata,  Beckmannia  erucaeformis 
Berberis  repens,  Chenopodium  album,  Crataegus  Columbiana,  C. 
Douglasii,  Elaeagnus  argentea,  Eriocoma  cuspidata,  Fragaria  brae- 
teata,  F.  glauca,  Helianthus  annuus,  Iva  xanthiifolia,  Lonicera  in- 
volucrata,  Madia  glomerata,  Mamillaria  Missouriensis,  Mentzelia 
albicaulis,  Moneses  uniflora,  Nuphar  advena,  N.  polysepalum,. 
Opuntia  polyacantha,  Phragmites  communis,  Pinus  albicaulis,  P. 
flexilis,  Polygonum  Douglasii,  Prunus  Americana,  P.  demissa^ 
Ribes  floridum,  R.  setosum,  R.  aureum,  Rosa  acicularis,  R.  Nutkana^ 
Rhus  trilobata,  Rubus  strigosus,  Rumex  salicifolius,  R.  occidentalism 
Sambucus  glauca,  Scirpus  lacustris,  Shepherdia  argentea.  Sisym- 
brium incisum,  Smphoricarpus  occidentalis,  Triglochin  mariti- 
mum,  Vaccinium  membranaceum,  Vitis  vulpina. 

Meal  and  Flour:  Balsamorrhiza  sagittata,  Chenopodium  album, 
Helianthus  annuus,  Iva  xanthiifolia,  Lomatium  Cous,  L.  montanum^ 
L.  ambiguum,  Nuphar  polysepalum,  Psoralea  esculenta,  Pteris 
aquilina,  Tsuga  heterophylla,  Scirpus  lacustris. 

Sugar  and  Syrup :     Negundo  aceroides,  Scirpus  lacustris. 

Pemmican:     Prunus  demissa;  p.  27. 

Jellies,  Jams,  Preserves  and  Marmalade:  Amelanchier  alnifolia,. 
Opuntia  polyacantha,  Prunus  Americana,  P.  demissa,  Ribes  species^ 
Rubus  strigosus,  Shepherdia  argentea,  Vaccinium  membranaceum^ 
Berberis  repens,  Sambucus  glauca. 

2.    BEVERAGES. 

Amelanchkr  alnifolia,  Berberis  repens,  Prunus,  demissa, 
Pseudotsuga  mucronata,  Shepherdia  Canadensis. 
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3,  SMOKING. 

Arctostaphylos  Uva-ursi,  Cornus  stolonifera,  Nicotiana    quad- 
rivalvis,  Populus  balsamifera,  P.  deltoides. 

4.  FORAGE. 

Agropyron  occidentale,  Boutv^loua  oligostachya,  Opuntia   poly- 
"scantha,  Populus  balsamifera,  P.  angustifolia,  P.  tremulaides   and 
many  other  plants. 

III.    MEDICINES. 

I.     PROPERTIES  AND  USES. 

Abortifacients :  Acorus  Calamus,  Claviceps  (Elymus  con- 
densatus),  Monarda  scabra. 

Antidote  far  snake-bite:     Echinacea  angustifolia,     Steironema 

ciliatum  (?). 

Antiscorbutics:     Populus,  Rubus  Nutkanus. 

Antiseptics:     Abies  lasiocarpa,  Sambucus  glauca. 

Antisyphilitics :     Grindelia  squarrosa,  Pseudotsuga  mucronata. 

Astringents:     Geranium  incisum,  Prunus  demissa,  Salix. 

Alteratives:     Rubus  Nutkanus. 

Carminatives:     Mentha  Canadensis,  Monarda  scabra. 

Cathartics :  Achillea  lanulosa,  Apocynum  androsaemifolium, 
Aralia  nudicaulis,  Rhamnus  Purshiana,  Shepherdia  Canadensis. 

Diuretics:     Urtica  gracilis. 

Emetics:  Iris  Missouriensis,  Purshia  tridentata,  Sambucus 
:glauca. 

Emollients :  Ulmus  Americana,  Erythronium  grandiflorum 
Zygadenus  venenosus. 

Febrifuges:  Apocynum  androsaemifolium,  Berberis  repens, 
Chimaphila  umbellata,  Salix  Sambucus  glauca. 

Hair  restorers:     Artemisia  cana. 

T ^»i r>n s ;     A pVmM <>o    millefolium,   Cornus   stolonifera,   Mentzelia 


laevicaulis,   Petalostemon"  violaceus,   Rhus  trilobata,  Artemisia  tri- 
<Jentata,  Psoralea  argophylla. 

Poisons:     Aphyllon  fasciculatum,  Apocynum  androsaemifolium, 
Cicuta  occidentalis,  Leptotapnia     multifida,  Rhamnus       Purshiana. 
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Shepherdia  CanadensivS,  Valeriana  edulis,  Zygadenus  vencnosus; 
J).  28. 

Poultices:  Abies  lasiocarpa,  Artemisia  tridentata,  Erytbron- 
iiim  grandifloruiTi,  Ulnius  Americana,  Evemia  viilpina,  Zygadenus 
vencnosus. 

Salivants:     Echinacea  angustifolia. 

Stimulants:     Clematis  Douglasii,  Echinacea  angustifolia. 

Styptics:  Calvatia  gigantica,  Xuphar  polyscpalum,  Prunus 
(Icmissa. 

Thirst-prevention:     Artemisia   cana,   Scirpus   lacustris.- 

Tonics  Apocynum  androsa^mifolium,  Aralia  nudicaulis,  Ar- 
tcmisa  cana,  Berberis  repens,  Chimaphila  umbellata,  Salix. 

2.     DISEASES. 

Boils  and  Tumors:  Ulmus  Americanus,  Erythronium  grandi- 
florum,  Zygadenus  vencnosus. 

Bruises:     see  "Sprains''  below. 

Bums  and  Scalds:     Typha  latifolia. 

Cancer:     Aphyllon  fasciculatum. 

Corns:     Abies  lasiocarpa. 

Colds:     Clematis  ligusticifolia ;  see   Salix. 

Consumption:  Achillea  millefolium,  Artemisia  frigida ;  sec 
"Pulmonary." 

Diarrhea:  Artemisia  tridentata,  (geranium  incisum,  ^latricaria 
discoidea,  Prunus  demissa,  Shephcrdia   Canadensis. 

Ear-ache:     Polygala  alba. 

Eye  diseases:     Achillea  millefolium,  Artemisia  tridenta. 

Fevers:     Apocynum     ahdrosaemilfolium,       Berberis       repens. 
Chimaphila  umbellata,  Salix,  Sambucus  glauca. 

Headache:  Achillea  millefolium.  Clematis  Douglasii,  Fatsia 
borrida. 

Kidney  diseases:  Berberis  repens,  Grindelia  squarrosa,  Juni 
perus  Sabina  procumbens,  Urtica  gracilis. 

Mountain  Fever:     Berberis  repens. 

Pulmonary  diseases:  Abies  lasiocarpa,  Achillea  millefolium. 
Artemisia  frigida,  Clematis  lingusticfolla,  Purshla  tridentata,  Sam- 
])ucus  glauca ;  see  also  under  Salix. 
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Rheumatism:  Heracleiim  lanatum,  Pscudotsuga  miicronata. 
Xygadenus  venenosus;  see  also  under  Salix.  The  Blackfeet  are  said 
to  employ  a  small  trailing  plant  made  into  poultices  for  external 
application,  which  turns  the  skin  black  temporarily,  but  is  hig^hly 
efficacious.  1  have  been  unable  to  secure  specimens  of  this  plant 
for  identification.     It  is  found  onlv  in  the  hiHier  mountains. 

Skin  diseases:     ^lentzelia  Lnevicaulis,  Sambucus  oflauca. 

Smallpox:     Rhus  trilobata,  Typha  latifolia. 

Snake-bite:     Echinacea  augustifolia,   Steironema  ciliatuni    (  ?). 

Sprains  and  Bruises:  Achillea  millefolium,  Artemisia  triden- 
tata,  Sambucus  glauca,  Zygadenus  venenosus. 

Stomach  troubles;    Achillea  millefolium,  Berberis  reoens,  Men 
tzelia  laevicaulis,  Sambucus  glauca. 

Throat  diseases:     Clematis  ligusticifolia. 

Ulcers:     Abies  lasiocarpa,  Evernia  vulpina,  Cornus  stolonifera. 

Urinary  complaints;     See  "Kidney.'' 

Venereal  diseases:  Grindelia  squarrosa,  Pseudotsuga  muc- 
ronat&. 

Wounds:  Psoralea  argophylla,  Prunus  demissa,  Petalostenioii 
violaceus. 
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PIG  FEEDING   EXPERIMENTS 


INTRODUCTION. 

There  has  been  but  little  work  done  in  feeding  experiments  with 
bogs  at  the  Montana  Experiment  Station  for  the  past  three  years. 
This  has  been  due  to  various  causes:  First,  because  the  facilities 
for  the  work  were  very  unsatisfactory,  and  second  because  the  pres- 
sure of  other  duties  has  kept  the  farm  help  very  busy.  During  the 
past  year  conditions  have  improved.  The  new  piggery  provides 
very  fair  facilities  for  the  feeding  and  with  the  segregation  of 
the  farm  and  live  stock  work  it  \\^s  been  possible  to  give  more  con- 
secutive tim^  ^o  our  live  stock  eqcperiments. 

An  important  object  in  these  pig  feeding  experiments  has  been 
to  study  the  effect  and  value  of  various  supplementary  foods  when 
fed  with  grain,  as  compared  with  grain  alone  as  a  fattening  ration 
lor  hogs.  A  few  other  factors  have,  however,  been  also  considered. 
This  is  a  series  of  experiments  which  we  plan  to  continue  for  some 
time  and  hope  also  to  broaden  the  scope  of  fhe  work,  which  will  make 
the  result  more  and  more  valuable  as  time  passes  and  experiments 
increase  in  number.  Previous  experiments  along  this  line  are  re- 
ported in  bulletins  27  and  37  of  this  station.  In  this  bulletin  four 
experiments  are  reported,  one  conducted  during  the  winter  of  1903 
and  three  others  during  the  past  season.  The  plan- of  managing 
and  feeding  hogs  was  very  similar  throughout  all  the  tests.  The 
feed  was  weighed  at  each  time  of  feeding,  the  hogs  being  given  their 
feed  twice  a  day.  The  grain  has  been  usually  fed  as  a  slop  being  wet 
with  water  or  with  skim  milk.  The  hay  was  generally  kept  in  a 
small  rack  in  the  pen  where  the  hogs  could  have  access  to  it  at  any 
time.  The  roots  given  were  in  nearly  every  case  the  sugar  beets. 
These  were  generally  cut  and  the  hogs  were  given  what  they  would 
eat.     The  prices  for  the  grain  and  other  foods  given  were  as  follow 

by  years: 

1902-3  1904-5 

Wheat,  per  100  pounds  $1.00  $1.25 

Barley,  per  100  pounds  1.00  1.00 

Bran,  per  100  pounds 85  .95 

Roots,  per  100  pounds 20c,  or  $4.00  per  ton 

Clover  or  alfalfa,  per  100  pounds  25c,  or  $5.00  per  ton 

Skim  milk,  per  100  pounds  15c,  or  $3.00  per  ton 


42  BULLETIN    NO.    57, 

The  plan  of  weighing  the  hogs  was  to  weigh  them  three  days 
in  succession  at  the  beginning  of  the  test  and  once  every  two  w^eeks 
so  that  the  progress  of  their  growth  could  be  noted,  and  then  three 
times  at  the  close  of  the  experiment  so  as  to  get  the  correct  average 
v/eight. 

THE    FIRST    EXPERIMENT. 
INTRODUCTION. 

The  first  experiment  was  conducted  during  the  winter  of  1903. 
The  purpose  of  the  test  was  to  compare  the  relative  efficiency  of 
grain  and  hay,  and  grain  and  roots,  when  fed  in  small  pens  with  an 
outside  run,  or  when  fed  in  small  pens  without  the  outside  run. 
These  hogs  were  fed  in  the  old  piggery  which  was  built  of  logs. 
It  had  a  cement  floor  "which  was  cold  during  the  winter  and  the  pens 
without  the  outside  runs  .were  quite  small  and  dark.  The  question 
on  this  point  then  was  to  fatten  without  exercise  or  with  a  limited 
amount  of  exercise  in  the  pens  with  the  outside  yards.  The  hogs 
in  this  test  were  partly  Berkshire  and  Poland  Chinas  and  the 
others  Yorkshire  and  Berkshire  cross;  quite  a  thrifty  lot  of  pigs. 
There  were  four  pigs  in  each  lot.  At  the  beginning  of  the  test  the 
pigs  averaged  65  to  69  pounds  each.  The  grain  in  this  test  con- 
sisted of  a  mixture  of  wheat,  barley  and  bran,  equal  parts  of  each  by 
weight. 

THE    GAINS    MADE. 

It  will  be  noted  that  the  hogs  in  the  small  inside  pen  ate  less 
grain  than  those  in  the  pen  with  the  outside  run.  They  also  gain- 
ed considerably  less  per  day  than  those  outside.  The  hogs  in  the 
pens  with  the  outside  run  gained  about  .6  of  a  pound  per  day  where- 
as those  in  the  small  pens  gained  but  .36  pounds  per  day.  These 
gains  are  very  small  and  very  much  below  the  average  usually  ob- 
tained with  such 'pigs.  This  was  probably  due  to  the  uncomfort- 
able quarters  and  to  the  fact  that  some  of  the  pigs  were  rather  small 
when  started  in  the  test. 

Considering  the  hogs  fed  the  alfalfa  hay  as  contrasted  with  the 
roots,  it  will  be  noted  that  those  fed  roots  and  grain  in  the  pen  with 
the  outside  run  gained  26  pounds  more  than  the  lot  fed  on  alfalfa 
hay  and  grain.     In  the  small  pens  the  result  was  reversed,  the  hogs 
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getting  the  alfalfa  hay  gaining  38  pounds  more  than  the  lot  fed  on 
the  roots. 

POUNDS  OF  FOOD  FOR  ONE  POUND  OF  GAIN 

Considering  first  the  two  lots  fed  where  they  could  exercise  as 
compared  to  those  that  could  not,  we  note  that  it  took  less  feed  for 
each  pound  of  grain  where  the  hogs  had  a  chance  to  exercise  in  the 
yard.  The  difference  on  the  average,  is  close  to  i^  pounds  more 
grain  required  by  the  pigs  without  exercise. 

Considering  the  convparison  between  the  hay  and  the  root  ration 
we  find  that  the  hogs  fed  the  roots,  with  exercise,  required  less  g^ain 
than  those  fed  on  the  alfalfa  hay,  for  each  pound  of  gain  made.  The 
difference  in  favor  of  the  root  ration  is  .87  pounds  of  grain.  For  the 
lot  fed  in  the  small  pens  without  the  exercise  the  hogs  fed  on  alfalfa 
and  l^ain  required  the  least^ain  for  each  pound  of  increase  in  live 
weight  which  is  the  converse  of  those  fed  outside.  The  reason 
for  these  differences  I  will  not  at  present  attempt  to  explain 
as  the  test  should  be  repeated  before  any  definite  conclusions  can  be 
drawn. 

« 

THE  RETURNS  FROM  THE  FEEDING. 

As  the  price  of  hogs  vary  at  different  seasons  of  the  year  it  was 
thought  best  not  to  use  the  prices  obtained  for  the  hogs  in  this  ex- 
periment but  to  fix  on  an  arbitrary  price  of  from  4  to  6  cents  per 
pound ;  4  cents  being  a  little  low  for  hogs  in  this  valley  and  6  cents 
being  an  average  to  a  high  price.  The  value  put  upon  the  grain 
fed  is  the  market  price  which  of  course  means  that  if  the  grain  was 
sold  for  this  price  it  should  return  a  profit  to  the  owner.  If  an  ad- 
ditional profit  can  be  obtained  by  feeding  it  to  the  hogs  there  is  that 
much  advantage  over  selling  it  off  the  farm  as  grain.  The  returns 
for  the  grain  per  hundred  pounds  with  hogs  selling  at  4  to  6  cents 
is  figured  out  by  deducting  the  value  of  hay  and  roots  and  other 
supplementary  food  from  the  value  of  the  gains  made  and  then 
calculating  the  amount  that  should  be  credited  to  the  grain.  This 
is  not  strictly  correct  as  if  these  gains  did  not  return  a  market  price 
for  the  grain  they  are  not  likely  to  return  the  market  price  for  the 
supplementry  food  given  them,  so  ihat  this  reduced  price  should  be 
charged  against  all  of  the  feeds  given ;  but  as  we  have  no  basis  frorm 
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which  to  make  such  a  calculation  it  is  put  as  stated.  The  true 
basis  upon  which  to  figure  the  value  of  those  supplementary  focxls 
is  to  figure  the  amount  of  grain  that  would  be  saved  by  feeding- 
these  supplementary  feeds.  In  this  test,  however,  through  the  ne- 
glect of  the  attendant  in  getting  the  weights  of  the  hogs  fed  on  grain 
alone  we  cannnot  make  the  comparison  that  would  tell  us  the  sav- 
ing in  grain  by  feeding  the  hay  and  the  roots. 

In  the  columns  headed  the  value  of  the  grain  fed  and  the  value 
of  the  gain  at  4  and  6  cents-  per  pound  it  has  been  attempted  to 
show  the  comparative  returns  from  the*  feeding  test.  It  will  be 
noticed  that  in  no  case,  at  4  cents  per  pound  for  the  gain  made, 
did  this  gain  pay  the  market  prices  for  the  grain  fed,  neglecting  alto- 
gether any  return  on  the  roots  or  the  hay.  At  6  cents  per  pound 
there  was  a  substantial  return  for  the  grain ;  but  when  we  deduct 
from  this  the  estimated  value  of  the  roots  and  the  hay  we  find  as 
is  given  in  the  last  column  of  the  table  that  even  at  6  cents  per  pound 
the  liogs  fed  in  the  outside  run  did  but  little  more  than  pay  for  the 
grain  given  them.  The  comparative  results  in  this  connection  are 
similar  to  those  above  referred  to. 

The  conclusion  to  be  drawn  from  this  test  seems  to  be  that  hogs 
will  make  better  use  of  their  feed  when  they  have  a  chance  to  ex- 
ercise than  when  confined  in  very  small  pens  that  allow  for  no  ex- 
ercise. 

THE    SECOND    EXPERIMENT. 

INTRODUCTION. 

The  second  experiment  of  this  series  was  conducted  during  the 
fall  of  1904  from  the  middle  of  October  to  the  middle  of  January. 
The  purpose  of  this  test  was  to  compare  the  feeding  value  of  grain 
along  with  a  grain  ration  supplemented  by  skim  milk  and  clover 
hay.  The  pigs  were  about  4j^  months  of  age,  all  high  grade  Berk- 
shires.  They  averaged  about  90  pounds  each  at  the  beginning  of  the 
test  and  about  an  equal  number  of  sows  and  barrows  were  in  each 
lot.  Before  starting  on  this  experiment  these  pigs  had  the  run  of 
the  pasture  which  contained  considerable  clover  and  had  in  addition 
a  small  grain  ration.  They  were  a  thrifty,  growing  lot  of  pigs.  The 
grain  fed  consisted  of  two-thirds  barley  and  one-third  bran  and  the 
hogs  were  given  all  they  could  eat  of  this  ration.     The  test  contin- 
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Tied  for  98  days  or  little  over  three  months.  The  hogs  were  fed  in 
pens  with  an  outside  run  during  the  whole  time  of  the  test.  It  will 
be  noted  that  the  hogs  fed  with  skim  milk  ate  the  least  grain. 
Those  fed  on  grain  alone  ate  the  next  larger  amount  of  grain  of  the 
hogs  in  this  test.  It  would  seem  that  the  addition  of  clover  in  a 
measure  stimulated  the  appetite  of  the  hogs  as  in  addition  to  eating 
485  pounds  of  clover  these  hogs  ate  221  pounds  more  grain  than  did 
the  lot  fed  on  grain  alone.  The  result  of  this  will  be  seen  in  the 
gains  made. 

THE    GAINS    MADE. 

Each  hog  in  lot  i  fed  on  grain  alone  gained  92  pounds.  When 
< lover  hay  was  added  to  the  ration  as  in  case  of  lot  3  the  gains  mfide 
were  no  pounds  for  each  hog  or  18  pounds  more  than  the  gain  made 
Idv  lot  I  on  grain  alone.  When  skim  milk  was  added  to  the  ration 
-each  hog  gained  139  pounds  which  was  47  pounds  more  than  the 
gains  made  by  each  hog  fed  on  grain  alone  during^  the  98  days  of 
the  test.  The  average  daily  gain  per  hog  for  lot  i  was  .94  pounds. 
Lot  3  with  the  clover  added  to  the  grain  ration  gained  .18  pounds 
more  per  day  than  lot  i  while  lot  2  with  the  skim  milk  added  to 
the  ration  gained  46  pounds  or  nearly  Yz  pound  more  per  day  than 
the  gains  made  without  the  skim  milk  ration. 

POUNDS  OP  FOOD  FOR  ONE  POUND  OF  GAIN. 

The  ration  of  skim  milk  and  grain,  figured  on  the  basis  of  the 
<imount  of  food  required  for  each  pound  of  gain,  is  very  much  the 
most  efficient  ration.  9.46  pounds  of  skim  milk  saves  2  pounds  of 
grain  as  this  lot  required  2  pounds  less  grain  for  each  pound  of 
gain  than  did  the  hogs  fed  on  grain  alone.  This  is  certainly  a  very 
important  saving.  The  hogs  fed  on  clover  with  the  grain  ration 
required  4.9  pounds  of  grain  for  each  pound  of  increase  in  live 
weight  and  .88  pounds  of  hay  saved  .46  pounds  or  nearly  J/$  pound 
of  grain  as  compared  with  the  ration  of  grain  alone. 

THE  RETURNS  FROM  THE  FEEDING. 

The  table  shows  that  when  the  hogs  sold  at  4  cents  a  pound  the 
gain  made,  on  lot  i,  fed  grain  alone,  and  on  lot  3  fed  on  grain  and 
clover  hay  did  not  pay  market  prices  for  the  grain  fed.     The  skim 
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milk  ration  ,however,  gave  a  substantial  margin  above  the  market 
price  of  the  grain  given  them.  At  6  cents  a  pound  for  the  gain  the 
returns  were  substantial  and  a  good  price  was  obtained  over  and 
above  the  cost  of  the  grain.  Considering  the  returns  for  the  grain, 
per  hundred  pounds,  after  deducting  the  value  of  the  supplementary 
feed,  we  find  that  at  4  cents  per  hundred  pounds  for  the  gain  but 
74  to  ^^  cents  was  obtained  for  the  grain  feed.  With  hogs  at  6  cents 
a  pound,  however,  the  price  obtained  for  the  grain  was  from  $1.11 
to  $1.23  per  hundred  pounds  which  was  a  very  good  farm  price  for 
the  grain.  The  hogs  fed- with  skim  milk  gave  the  largest  price  for 
the  grain.  Those  receiving  the  clover  hay  the  next  and  the  ration 
of  grain  alone  gave  the  poorest  returns.  In  estimating  these  re- 
turns the  skim  milk  is  valued  at  15  cents  per  hundred  pounds  and  the 
hay  at  $5.00  per  ton 

The  correct  value  however,  of  the  hay  and  skim  milk  is  figured 
from  the  amount  of  grain  saved  by  adding  the  supplementary  food 
100  pounds  of  hay  saved  52.3  pounds  of  grain  which  would  make 
the  hay  worth  about  $10.00  per  ton  as  hog  feed  when  fed  with  a 
grain  ration.  100  pounds  of  skim  milk  saved  21  pounds  of  grain 
which  would  make  the  skim  milk  worth  about  21  cents  per  hundred 
pounds  when  fed  with  grain.  This  estimate  is  based  upon  grain  at 
I  cent  per  pound  and  it  shows  a  high  feeding  value  for  the  supple- 
mentary foods. 

EXPERIMENT    NUMBER    THREE. 

INTRODUCTION. 

This  experiment  was  started  soon  after  the  close  of  the  pre- 
vious one  and  ran  from  March  to  June  1905.  The  purpose  of  this 
lest  was  similar  to  the  previous  one  but  sugar  beets  as  a  supple- 
mentary  food  were  fed.  The  pigs  in  this  experiment  averaged 
about  5  months  of  age.  Previous  to  the  test  they  had  been  fed  a 
light  ration  of  grain  and  skim  milk.  The  16  hogs  were  divided  into 
four  lots  with  four  in  a  lot.  They  consisted  of  Berkshires,  Poland 
Chinas,  and  Yorkshire  grades  and  were  quite  a  thrifty  lot  of  pigs. 
The  grain  consisted  of  barley  and  bran  at  the  same  proportions  as 
in  the  previous  test.  The  roots  were  mainly  sugar  beets.  The  hay 
fed  in  this  test  was  rather  course  and  was  not  eaten  by  the  hogs 
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as  readily  as  in  the  previous  test.  The  experiment  ran  for  8i  days 
or  nearly  three  months,  the  hogs  being  fed  in  pens  with  a  small  out- 
side run.  During  this  test  the  lots  fed  on  clover  and  sugar  beets 
did  not  receive  quite  all  the  grain  they  would  have  eaten.  By  re- 
ducing on  the  grain  we  tried  to  get  them  to  eat  a  larger  proportion 
of  the  supplementary  food.  We  cannot  therefore  in  this  test  note 
the  stimulating  effect  of  these  foods  on  the  appetites  of  the  animals. 
The  lot  fed  on  grain  alone  ate  nearly  200  pounds  of  grain  more  than 
the  lots  fed  on  skim  milk  and  sug^r  beets  and  150  pounds  more  than 
the  lot  fed  the  clover  hay. 

THE   GAINS    MADE. 

These  pigs  at  the  beginning  of  the  experiment  averaged  from  82 
to  86  pounds  each.    Those  fed  on  the  ration  with  clover  hay  gained 

73  pounds  each,  the  lowest  gains  of  any  lot  in  the  test.  The  hogs  fed 
skim  milk  with  the  grain  gained  no  pounds  each  which  was  the 
largest  gain  made  by  any  lot.     Those  pigs  fed  on  grain  alone  gained 

74  pounds  each  which  was  one  pound  more  than  the  gains  made  by 
lot  3  fed  clover.  Lot  4  fed  sugar  beets  with  the  grain  made  94 
pounds  each  which  was  next  to  lot  2  the  largest  gains  made.  The 
gains  made  per  day  show  the  same  result.  There  is  but  little 
difference  between  the  gains  made  by  the  hogs  fed  on  grain  alone 
and  those  with  g^ain  and  clover — about  .01  of  a  pound  per  day. 
The  hogs  fed  on  sugar  beets  gained  1.09  pounds  and  those  fed  skim 
milk  with  the  grain  gained  1.34  pounds  per  day  which  was  quite 
a  substantial  increase  over  any  of  the  other  results. 

POUNDS  OF  FOOD  FOR  ONE  POUND  OF  GAIN. 

In  this  test  as  in  the  second  experiment  the  hogs  on  grain  alone 
required  the  most  grain  for  each  pound  of  gain,  namely;  5.21  pounds 
grain  for  each  pound  of  increase  in  live  weight.  The  skim  milk 
ration  as  in  previous  tests  proved  to  be  the  most  efficient,  requiring 
but  little  over  three  pounds  of  grain  and  8.44  pounds  of  skim  milk 
for  each  pound  of  gain.  This  was  over  two  pounds  of  grain  less 
than  was  required  by  lot  i  fed  on  grain  alone.  The  lot  fed  with 
roots  made  the  second  best  returns  requiring  but  3.76  pounds  of 
grain  and  3.8  pounds  of  roots  to  produce  one  pound  of  increase  ir 
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live  weight.    The  lot  receiving  the  clover  required  4.83  pounds  of 
^ain  and  ate  also  1.13  pounds  of  clover  for  each  pound  of  gain. 

THE  RETURNS  FROM  THE  FEEDING. 

Considering  first  the  value  of  the  grain  as  compared  with  the 
\alue  of  the  gain  we  find  that  when  the  hogs  were  sold  at  4  cents 
per  pound  the  value  of  the  gain  does  not  pay  for  the  g^ain  given 
lots  I  and  3,  if  we  disregard  the  value  of  the  supplementary  food. 
With  the  value  of  the  supplementary  food  deducted  the  return  per 
hundred  pounds  of  grain  averaged  about  'j'j  cents  for  lots  i  and  3 
and  86  to  89  cents  per  hundred  pounds  for  lots  2  and  4.  If  the  hogs 
were  sold  at  6  cents  per  pound  the  returns  for  the  grain  after  paying 
for  the  supplementary  food  ranged  from  $1.15  per  hundred  pounds 
to  $1.51  per  hundred  pounds  of  grain.  The  lots  with  skim  milk 
gave  the  largest  return,  viz :  $1.51  per  hundred  pounds  for  the  grain 
following  with  the  lot  fed  roots  which  returned  $1.39  per  hundred 
pounds  for  the  grain.  Then  the  lot  fed  clover  returned  $1.18  per 
"hundred  pounds,  while  the  lot  fed  grain  alone  returned  but  $1,15 
per  hundred  pounds  for  the  grain  fed. 

Considering  next  the  pounds  of  grain  saved  by  one  hundred 
pounds  of  hay,  roots  or  skim  milk,  we  find  that  the  supplementary 
food  had  quite  a  high  value.  This  is  the  only  safe  basis  of  com- 
parison and  for  this  reason  deserves  especial  notice.  100  pounds 
of  clover  hay  saved  32.7  pounds  of  grain,  or  with  grain  worth  i  cent 
per  pound  this  makes  the  100  pounds  of  hay  worth  32.7  cents  or 
$6.54  a  ton.  100  pounds  of  sugar  beets  saved  38  pounds  of  grain 
which  at  the  price  stated  for  grain  makes  the  beets  worth  $7.60  per 
ton  as  hog  feed.  100  pounds  of  skim  milk  saved  25.2  pounds  of 
grain  which  would  mean  a  value  of  25.2  cents  per  hundred  pounds 
for  this  feed.  As  grain  will  vary  considerably  in  price,  however, 
the  safe  plan  is  probably  to  disregard  the  money  equivalent  and 
consider  the  pounds  of  grain  saved  as  the  basis  of  comparative 
value. 

THE  SUPPLEMENTARY  TEST. 

When  the  hogs  in  the  lots  2  and  4  of  the  third  experiment  were 
sold  those  in  lots  i  and  3  were  not  ready  for  the  market  and  so  were 
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fed  17  days  longer  on  a  ration  of  grain,  skim  milk,  and  sugar  beets. 
In  the  17  days  the  hogs  gained  30  to  31  pounds  each  or  a  little  over 
1^4  pounds  per  day.  The  skim  milk  is  a  very  palatable  ration  for 
hogs  and  they  eat  it  greedily.  An  average  of  2}^  pounds 
•of  grain,  2  pounds  of  roots,  and  3  pounds  of  skim  milk  produced 
I  pound  of  gain.  Less  than  3J4  pounds  of  dry  matter  in  the  food 
produced  i  pound, .  of  increase  in  live  weight.  •  It  will"  be  noticed 
too  that  for  this  period  the  hogs  paid  a  high  price  for  the  grain 
given  them,  viz.  $1.80  to  $1.90  per  one  hundred  pounds  when  they 
sold  at  6  cents  per  pound. 

This  supplementary  test  teaches  one  very  important  fact.  If 
hogs  have  been  fed  on  a  ration  of  grain  alone  and  it  seemed  necess- 
ary to  hurry  them  to  get  them  fat  for  market  earlier  than  was  first 
planned,  a  ration  of  skim  milk  and  grain,  or  skim  milk,  roots  and 
grain  will  put  gain  on  a  hog  faster  than  any  feed  we  have  tested. 
Such  are  the  teachings  of  this  test  and  of  several  others  that  the 
writer  has  made  on  this  point. 

THE  FOURTH  EXPERIMENT. 

INTRODUCTION. 

This  test  ran  during  the  summer  from  the  middle  of  June  to 
August.  The  purpose  of  this  test  was  similar  to  the  previous  ones 
"but  a  new  element  enters  into  the  result,  namely;  pasture.  We 
had  thus,  as  will  be  noted  from  the  table,  one  lot  with  a  full  ration  of 
grain  on  pasture  and  one  lot  with  a  half  grain  ration  on  pasture. 
This  half  grain  ration  was  figured  by  feeding  these  hogs  one-half 
the  grain  fed  to  the  first  lot  getting  grain  alone  on  pasture.  The 
hogs  in  lot  I  and  3  were  a  Yorkshire-Berkshire  cross  and  were  five 
n^onths  old.  The  pigs  in  lot  2  were  Poland  Chinas  and  about 
eight  months  old.  The  lots  it  will  be  noted,  thereore,  were  uneven, 
"but  I  and  3  were  of  similar  quality  and  size  and  it  is  between  those 
that  the  important  comparison  is  made.  Lot  2  being  heavier  were 
under  some  disadvantage,  the  larger  pigs  being  more  costly  to  feed. 
Previous  to  the  test  these  hogs  had  been  running  on  the  pasture 
with  a  small  grain  ration.  The  grain  fed  during  this  test  was  simi- 
lar to  that  fed  in  previous  tests  in  the  proportion  of  2  of  barley  to 
T  of  bran.     The  pasture  was  a  mixed  grass  pasture  but  it  was  not 
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very  good,  the  clover  having  been  killed  out  during  the  past  winter. 
The  hogs  were  fed  for  55  days  or  nearly  two  months.  It  will  be  not- 
ed from  the  table  that  the  hogs  in  lot  3  had  just  one-half  the  grain 
of  those  in  lot  i.  The  hogs  in  lot  2  ate  273  pounds  of  grain  each, 
compared  to  311  pounds  eaten  by  the  hogs  in  lot  i  so  that  though 
larger  the  hogs  fed  the  skim  milk  ate  considerably  less  grain  than 
those  fed  grain  alone. 

THE   GAINS    MADE. 

At  the  start  of  this  test  the  hogs  in  lot  i  and  3  averaged  about 
90  pounds  each  and  the  hogs  in  lot  2  averaged  about  113  pounds 
each.  Jn  the  44  days  the  hogs  in  lot  i  gained  TJ  pounds  each  or 
1. 41  pounds  per  day.  Those  in  lot  3,  on  the  one-half  grain  ration, 
gained  52  pounds  each  or  about  25  less  than  lot  i.  It  appears,  there- 
fore, that  one  half  the  grain  ration  gave  two-thirds  as  much  gain 
as  the  full  grain  ration.  The  hogs  in  lot  2  fed  skim  milk  with  the 
grain  gained  93  pounds  each,  or  1.7  pounds  per  day,  a  very  rapid 
gain  considering  the  length  of  the  feeding  period.  It  will  also  be 
noted  that  the  hogs  fed  the  full  grain  ration  on  pasture  gained  much 
more  rapidly  than  the  hogs  fed  a  similar  ration  in  pens,  as  will  be 
noted  by  comparing  this  result  with  experiments  two  and  three. 
The  same  result  is  also  true  of  the  hogs  fed  the  ration  of  skim 
milk  and  grain  although  the  difference  is  not  so  great. 

POUNDS  OF  FOOD  FOR  ONE  POUND  OF  GAIN. 

The  point  here  to  particularly  note  is  the  efficiency  of  the  half 
grain  ration  on  pasture.  These  hogs  ate  slightly  less  than  3  pounds 
of  grain  each  per  day  and  gained  but  little  less  than  i  pound  per 
day.  They  required  but  3  pounds  of  grain  to  make  one  pound  of 
increase  in  live  weight.  This,  if  we  disregard  the  pasture,  is  the 
most  efficient  gain  made  in  this  series  of  tests.  The  lot  receiving 
skim  milk  and  grain  required  less  grain  for  each  pound  of  g^in  than 
did  lot  3  but  ate  8.73  pounds  of  skim  milk  which  more  than  made 
up  the  difference.  Lot  i  on  grain  alone  required  four  pounds  of 
grain  for  each  pound  of  gain.  This  though  more  expensive  than  the 
other  lots  in  this  test,  yet  was  an  average  of  ij4  pounds  of  grain  less 
than  was  required  by  the  hogs  in  the  previous  tests  reported  when 
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the  hogs  were  fed  grain  in  pens.  The  supplementary  food  obtained 
from  the  pasture  enabled  the  hogs  to  do  much  better  than  those  fed 
grain  alone  in  the  pens. 

« 

THE  RETURNS  PROM  THE  FEEDING. 

■ 

In  this  test,  every  lot,  even  if  sold  for  4  cent^  per  pound,  re- 
turned a  margin  over  the  cost  of  the  grain  at  market  prices.  At  6 
cents  per  pound  this  increase  was  more  than  double  the  market 
price  of  the  grain  fed.  The  largest  marginal  profit  is,  as  will  be 
noted,  from  the  half  grain  ration.  Considering  the  returns  for  the 
grain  per  hundred  pounds,  after  allowing  for  the  value  of  the  skim 
milk,  we  notice  that  when  the  hogs  were  sold  at  4  cents  per  pound 
the  hogs  fed  skim  milk  returned  92  cents  per  hundred  pounds  for 
the  grain.  Those  fed  on  grain  alone  returned  $1.00  per  hundred 
pounds  and  those  fed  the  half  grain  ration  returned  $1.40  per  htmdred 
pounds.  At  6  cents  a  pound  for  the  increase  on  the  hogs,  the  full 
grain  ration  on  pasture  paid  $1.49  per  hundred  pounds  for  the  grain. 
This  is  the  largest  return  obtained  from  any  lot  fed  on  a  full  grain 
ration  in  this  series  of  tests  except  where  skim  milk  was  fed  and 
shows  the  benefit  of  the  pasture  as  compared  to  the  pen  feeding. 
The  most  interesting  result  is  with  the  hogs  fed  the  one  half  grain 
ration  on  pasture.  At  6  cents  per  pound  for  the  hogs  we  get  a 
return  of  $2.02  per  hundred  pounds  for  the  grain  fed.  This  is  the 
largest  return'  for  the  grain  of  any  of  the  lots  tested  even  with 
those  given  supplementary  food.  When  fed  a  part  grain  ration 
the  hogs  seem  to  make  a  larger  use  of  the  pasture  and  get  much 
more  good  from  it.  The  only  disadvantage  to  this  method  of  feed- 
ing is  that  the  gains  are  slower,  these  hogs  making  but  two-thirds 
the  gain  made  by  lot  i  on  the  full  grain  ration.  It  would  then 
take  them  one-third  longer  to  get  them  ready  for  market  which  might 
carry  them  beyond  a  good  to  a  time  of  a  lower  market  price. 
The  feeders  should  keep  these  facts  in  mind  and  be  guided  accord- 
ingly. 
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A   CONCLUSION. 

A  point  of  considerable  importance  is  that  this  result  indicates 
that  when  running  on  pasture,  hogs  will  keep  in  good  condition  and 
even  gain  in  live  weight  on  a  light  grain  ration.  There  are  yet  many 
other  facts  however,  to  be  worked  out  along  the  lines  of  this  test. 

The  important  point  brought  out  in  this  test  is  the  value  of 
some  supplementary  food  added  to  the  grain  ration  in  fattening 
hogs.  In  these  tests  no  peas  have  as  yet  been  fed  but  with 
the  other  grains,  the  best  results  cannot  be  obtained  without  some 
supplementary  food.  In  these  tests,  skim  milk,  sugar  beets,  clover 
or  alfalfa  have  been  used  and  their  value  seems  to  be  in  the  order 
name^.  It  is  apparent  that  in  some  way  these  additional  foods  have 
a  value  beyond  what  tJieir  composition  would  indicate.  These  sup- 
plementary foods  seem  to  act  in  two  or  three  ways,  ist  they  seem 
to  stimulate  the  appetites  of  the  animals  so  that  they  eat  more  of 
the  grain  and  make  more  economic  gains  because  there  is  a  larger 
surplus  over  the  requirements  of  the  body  to  turn  into  meat.  2nd, 
these  supplementary  foods  may  aid  the  digestion  of  the  hogs  so 
that  they  can  make  better  use  of  the  food  given  them. 

Why  the  hogs  fed  the  half  grain  ration  gained  so  rapidly  is 
probably  due  to  the  fact  that  when  they  did  not  get  as  much  grain 
as  they  would  eat,  they  ate  much  more  of  the  pasture  and  thus  ob* 
tained  much  more  feed  in  this  way  than,  would  the  hogs  on  the  full 
grain   ration. 

It  should  not  be  forgotten  in  this  connection  that  as  hogs  in 
cur  local  market  vary  considerably  in  price  at  different  times  of  the 
year,  that  the  cheapest  gains,  if  they  lengthen  the  time  of  feeding, 
may  not  be  the  most  economical  if  the  slower  gains  carry  the  hogs 
over  a  period  of  high  to  a  period  of  low  prices.  The  reduced  price 
for  the  hogs  may  destroy  all  the  profit  arising  from  the  cheaper  gains 
made. 
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SUMMARY. 


(i).  These  tests  seem  to  show  that  when  feeding  grain  to  fatten 
hogs  some  supplementary  food  is  needed  to  get  the  best  re« 
turns  from  the  grain. 

(2).  Considering  all  the  experiments  the  value  of  the  supplemen- 
tary food  is  in  the  following  order,  namely:  ist,  skim  milk; 
2nd,  roots;  3d  pasture;  4th  clover  or  alfalfa. 

(3).  After  deducting  the  estimated  value  of  the  supplementary 
food,  in  none  of  these  tests  did  the  hogs  return  market  prices 
for  the  feed  when  they  were  sold  for  4c  per  lb.  live  weight. 
The  range  was  from  74c  to  92c  excluding  the  first  experiment. 
If  sold  at  6c  per  lb.,  the  returns  on  the  feed  was  substantial, 
ranging  from  $1.80  to  $1.90  pier  100  lbs. 

(4).  Leavii)g  out  thej  experipaent  conducted  during  1903  and  the 
supplementary  test,  it  required  according  to  these  experiments 
the  following  amounts  of  food  for  each  100  lbs.  of  gain : 

On  erain  alone  ..,..,..  528  lbs.  grain 

On  grain  and  Clover. . . .  487  lbs.  grain  and  200  lbs.  clover      > 

On  grain  and  pasture  .  40X  lbs.  grain  - 

On  grain  and  roots 376  lbs.  grain  and  280  lbs.  roots 

On  grain  and  skim  milk.  .311  lbs.  grain  and  888  lbs.  skim  milk 
On  J4  grain  ration  and 
pasture   300  lbs  gain 

(5).  The  value  of  these  supplementary  foods  as  given  in  this  bulle- 
tin is  figured  from  their  value  when  fed  with  a  full  grain  ra- 
tion, except  in  one  case.  What  the  value  of  these  foods  would 
be  when  fed  in  some  other  way,  is  a  question  these  tests  furn- 
ish us  no  light  upon. 
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Notice:  A  few  of  the  early  issues  of  the  Bulletins  of  the  Mon- 
tana Experiment  Station  arc  completely  exhausted.  We  would  like 
very  much  to  get  copies  of  Bulletin  Nos.  21,  26,  27,  29  and  31.  Any 
person  who  has  copies  of  these  bulletins  would  confer  a  great  favor 
if  they  would  let  us  know  and  we  will  send  postage  for  their 
return. 

Very  truly, 

F.  B.  LINFIELD,  Dir. 
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STEER  FEEDING  EXPERIMENT,  1903.4. 


INTRODUCTION. 


The  feeding  tests  with  the  car  load  of  steers  was  again  taken 
lip  during  the  winter  of  1903-4.  We  were  somewhat  late  in  getting 
the  animals,  so  that  they  were  put  immediately  into  the  feeding 
yards  upon  their  arrival  at  the  college  farm.  32  head  of  steers 
were  fed.  They  ranged  in  age  from  two  to  three  years  and  were 
an  average  lot  of  range  steers,  though  nothing  extra  as  to  quality. 
They  were  purchased  from  two  or  three  farmers  in  the  neighbor- 
hood of  Bozeman  and  cost  an  average  of  a  littFe  over  three 
cents  per  pound  live  weight.  Some  of  the  steers  were  dehorned 
when  purchased,  but  about  half  the  lot  were  dehorned  just  before 
the  test  started. 

PURPOSE  AND  PLAN  OF  THE  TEST. 

This  experiment  was  arranged  as  a  continuation  of  the  ex- 
periment of  the  year  before,  namely,  to  test  the  feeding  value  of 
the  different  kinds  of  grain  and  combinations  of  grain  which  are 
available  to  the  Montana  farmer.  The  steers  were  divided  into  four 
lots,  8  steers  in  each  lot,  our  aim  being  to  divide  these  steers  as 
evenly  as  possible  according  to  weight  and  quality.  The  lots  were 
fed  as  follows: 

Lot  I  received  clover  hay  and  crushed  wheat  as  a  grain  ration. 
Lot  II  received  clover  hay,  and  ground  oats  as  the  grain  ration. 
Lot  III  received  clover  hay,  and  ground  barley  as  a  grain  ration, 
and  lot  IV  received  clover  hay  and  a  mixture  of  grains  consisting 
of  equal  parts  of  wheat,  oats  and  barley.  The  clover  part  of  the 
ration  consisted  of  the  first  and  second  crops  and  was  a  very  fair 
quality  of  clover.  The  grain  was  good  sound  grain.  It.  was 
chopped  medium  fine  and  was  in  good  condition  for  feeding.     The 
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Experiment  started  on  December  21.  For  the  first  six  to  eight  d^iys 
hay  alone  was  fed.  Then  we  started  with  the  grain,  gradually  in- 
creasing the  amount  until  at  the  end  of  three  weeks  the  full  grain 
ration  of  5  pounds  per  day  per  steer  was  fed.  The  hay  ^vas  fed 
twice  a  day.  The  grain  at  first  was  fed  once  a  day,  but  later, 
when  a  larger  quantity  was  fed,  they  received  the  g^ain  twice  a  day. 
The  steers  had  water  and  salt  where  they  could  get  to  it  at  any 
time.  The  steers  were  weighed  three  days  in  succssion  at  the 
beginning  of  the  test  and  every  two  weeks  thereafter  until  the 
close  of  the  test,  when  they  were  again  weighed  three  times  in 
succession.  The  average  of  these  weights  was  taken  as  the  aver- 
age weight  of  the  steers.  The  cost  of  the  feed  was  as  follows: 
Oover  hay,  $5.00  per  ton;  wheat,  $1.25  per  hundred  pounds;  oats, 
$1.00  per  hundred  pounds;  barley,  $1.00  per  hundred  pounds;  bran, 
85  cents  per  hundred  pounds.  These  were  about  the  average 
prices  in  the  Gallatin  valley  for  that  year. 

The  steers  were  fed  in  yards  which  sloped  to  the  west.  These 
yards  were  about  25  feet  by  150  feet.  At  one  end  of  these  yards 
was  a  straw  covered  shed,  about  25  by  20  feet,  into  which  the 
steers  went  nearly  every  night.  These  sheds  and  yards  were  kept 
bedded  with  straw  so  as  to  give  the  animals  as  comfortable  quar- 
ters as  possible.  The  hay  and  grain  were  fed  in  racks  and  troughs 
outside  in  the  yards.  The  steers,  when  first  put  into  the  yards, 
were  somewhat  restless,  but  they  soon  quieted  down.  They  were 
not  familiar  with  grain  and  had  at  first  to  be  coaxed  to  eat  it. 

THE  GAINS  MADE. 

Table  No.  i  gives  the  weights  and  gains  of  the  steers.  This 
table  is  divided  into  periods,  so  as  to  permit  a  study  of  the  gains 
during  the  progress  of  the  test.  Considering  the  whole  time  of 
the  test,  loi  days,  it  will  be  noticed  that  the  steers  gained  21S 
pounds  each,  increasing  from  Q35.8  to  1 1^3-8  pounds,  which  was  an 
increase  of  2.16  pounds  per  dav,  a  very  satisfactory  gain,  consid- 
ering the  length  of  the  test.  There  is  not  very  much  to  notice  in 
the  gains  made  in  the  first,  second  and  third  periods.  For  the 
fourth  period  all  of  the  animals  made  proportionately  better  eains 
than  they  did  at  any  other  time.  Consideringr  the  two  periods. 
from  Jan.  13  to  March  8,  which  might  be  called  the  test  period  and 
continued  for  61;  days,  it  will  be  noticed  that  the  steers  fed  on  the 
mixed  grain  ration  made  the  largest  gains  per  day,  namelv.  2.23 
pounds.    The  barley  ration   gave  the  next  largest  gain,  namely. 
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2.19  pounds  per  day,  or  122.5  pounds  on  each  steer.  The  wheat 
ration  gave  the  next  largest  gain,  with  2.13  pounds  per  day  and 
1 19.6  pounds  for  each  steer.  The  oat  ration  gave  a  gain  of  no 
pounds  for  each  steer — the  lowest  gains  made.  Considering  the 
whole  time  of  the  experiment,  which  will  include  the  first  period, 
when  no  grain  was  fed,  the  mixed  grain  ration  again  gives  the 
largest  gain,  2.35  pounds  per  day  or  238  pounds  on  each  steer.  The 
barley  ration  comes  next,  giving  a  return  of  2.13  pounds  per  day 
or  215  pounds  per  steer.  The  oat  ration  comes  third,  with  2,09 
pounds  of  gain  per  day  and  210.8  pounds  for  each  steer.  Thfe 
wheat  shows  a  gain  of  2.06  pounds  per  day  and  208.1  pounds  for  each 
steer  for  the  whole  time  of  the  test.  For  the  test  period,  during 
which  the  steers  were  on  a  full  grain  ration,  it  will  be  noticed  that 
the  steers  fed  on  the  oat  ration  made  the  slowest  gains.  This  cor- 
responds with  the  results  of  the  year  before,  as  is  noted  in  table 
No.  2.  On  March  9  the  grain  of  all  the  cattle  was  changed  to 
mixed  grain  and  continued  for  22  days.  This  mixed  grain  consisted 
of  >4  barley,  J4  oats  and  ^  bran.  It  will  be  noticed  that  for  this 
period  the  steers  gained  more  rapidly  than  at  any  other  time  dur- 
in  the  test,  and  that  the  steers  fed  previously  on  the  oat  ration, 
next  to  the  steers  fed  the  mixed  grain  ration,  gained  more  than 
those  that  had  been  fed  wheat  or  barley. 

From  table  No.  2  it  is  interesting  to  note  the  close  compari-  • 
son  between  .the  results  of  this  year  and  the  previous  year  on  the 
same  ration.       The  average  for  the  car  lot  was  2.15  pounds  per 
day  for  1903  and  2.16  for  the  year  1904. 


TABLE  No.  a. — A  Comparison  of  che  duily  Gain,  per  Steer,  for  1903  and  1904- 


Days  Fed. 
1903—111  days. . 
1904—101  days.. 

1903  gain  per  day 

1904  gain  per  day 
Average 


Lot  1. 
Fed  wheat. 
Ibs;^ 

2.10 
2.06 
2.08 


Lot  2. 
Fed  Oats. 

lbs. 

1.69 
2.09 
1.89 


Lot  3. 

Fed  Barley. 

lbs. 

2.34 
2.13 
2.24 


Lot  4. 

Fed  Mixture 

lbs. 

2.53 
^.35 
2.44 


Average  for 
Car  lot. 
lbs. 

2.15 
2.16 
2.16 
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FOOD  EATEN  PER  DAY  AND  FOR  ONE  POUND  OF  GAIN. 

Table  No.  3  gives  the  total  food  eaten  by  each  lot  for  the 
various  periods,  and  also  the  food  eaten  per  day  for  each  pound  of 
gain,  and  the  cost  of  this  feed.  Considering  the  whole  time  of  the 
test,  loi  days,  we  find  that  each  steer  ate  on  the  average  2391 
pounds  of  clover  and  4553^  pounds  of  grain.  During  the  first  per- 
iod it  will  be  noticed  that  the  steers  ate  very  lightly  of  both  the 
clover  and  the  grain,  eating  but  19.6  pounds  of  clover  and  about 
2j^  pounds  of  grain. 

The  second  period  the  steers  ate  more  largely  of  the  clover, 
increasing  the  daily  ration  to  23.4  pounds  and  the  grain  to  five 
pounds  per  day.  The  third  period  there  was  again  an  increase 
in  hay  to  27.1  pounds  with  the  5  pounds  of  grain.  The  fourth 
period  the  steers  dropped  i]^  pounds  per  day  on  the  hay  eaten. 

Considering  next  the  food  eaten  for  each  pound  of  gain  we 
find  that  on  the  average  it  required  10.97  pounds  of  hay  and  2.09 
pounds  of  grain  for  each  pound  of  increase  in  live  weight.  This 
was  the  average  for  the  32  steers.  Considered  by  lots  the  food  for 
each  pound  of  gain  ranged  from  10  pounds  of  hay  and  1.83  pounds 
of  grain  up  to  11 J4  pounds  of  hay  and  2.15  pounds  of  grain.  Con- 
sidering the  whole  time  of  the  feeding  the  steers  fed  the  mixed  grain 
made  the  most  economic  gains.  The  barley  comes  next,  followed 
by  the  oat  and  wheat  rations.  Considering,  however,  the  test 
period  of  56  days,  which  is  the  correct  basis  of  comparison,  the  oat 
and  wheat  rations  change  places,  the  oat  ration  being  the  most  ex- 
pensive, requiring  12^  pounds  of  hay  and  2.55  pounds  of  grain 
to  produce  i  pound  of  increase  in  live  weight.  During  the  first 
period  when  fed  upon  the  light  grain  ration  the  steers  gave  the 
best  average  results  considering  the  amount  of  food  eaten.  Prob- 
ably, however,  this  might  have  been  partly  a  filling  process  and 
will  not  therefore  afford  as  just  a  comparison  as  later  feeding. 
Next  to  this  comes  the  fourth  period  when  a  mixed  grain  ration  was 
fed.  Here  we  find  that  the  range  was  from  8.8  pounds  of  the 
clover  and  1.7  pounds  of  grain,  to  11. 9  pounds  of  clover  and  2.33 
pounds  of  grain,  to  produce  each  pound  of  increase  in  live  weight. 
These  results  are  very  satisfactory  from  the  standpoint  of  economic 
production. 
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Comparing,  next,  these  results  with  those  of  the  year  before, 
we  get  table  No.  4.  This  table  is  classified  so  as  to  compare  the 
results  for  the  experiment  period  and  also  for  the  whole  time  of 
the  test.  It  will  be  noticed  that  for  the  experiment  period  the  oat 
ration  in  both  years  gave  the  poorest  results,  requiring  the  most 
food  for  each  pound  of  gain.  The  mixed  grain  ration,  on  the  other 
hand  was  the  most  efficient  ratioiji  for  both  years.  For  1903  the 
wheat  ration  proved  a  little  superior  to  the  barley  ration  and  in 
1904  the  converse  of  this  was  the  result.  Considering  the  average 
for  the  two  years  we  find  that  in  1903  it  required  15.3  pounds  of 
hay  and  2.61  pounds  of  grain  for  each  pound  of  gain.  In  1904,  11. 5 
pounds  of  hay  and  2.35  pounds  of  grain  were  eaten  for  each  pound 
of  gain,  so  that  a  little  more  economic  gains  were  obtained  during 
the  winter  of  1904. 


TABLE  No.  TV. — ^A  Comparison  of  ttie  Food    Eaten  for    one    Pound    of  Gam 

During  1903  and  1904. 


Experim't  period. 

Lotl. 

Lot  2. 

Lot  3. 

Lot  4.       1    Average 

49  days,  1903 

Fed  Wheat. 

Fed  Oats. 

Fed  Barley 

Fed  Mixture 

of  Car  Lot. 

56  days,  1904 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Pood  for  1  lb.  of 

Hay 

Gr'fl 

Hay 

Gr'n 

Hay 

Gr'n 

Hay 

Gr'n 

Hay 

Gr'n 

gain.  1903 

13. 

2.06 

20.2 

3.54 

15.1 

2.6ft 

12.8 

2.27 

15.3 

2.61 

Food  for  1  lb.  of 

• 

gain,  1904 

11.5 

2.33 

12.5 

2.55 

11.2 

2.28 

11. 

2.25 

11.5 

2.35 

Average 

12.2 

2.19 

16.3 

3.04 

13.1 

2.48 

11.9 

2.26 

13.4 

2.48 

Whole  time  of  t'st 

1 

111  days,  1903 

101  days  190# 

Food  for  1  lb.  of 

gain,  1903 

L3.1 

\.m 

16.3 

2.42 

12.3 

1.83 

10.9 

1.62 

12.8 

1.9 

Food  for  1  lb.  of 

gain.  1904..  .. 

11.5 

2.15 

11.3 

2.12 

11.1 

2.08 

10. 

1.83 

10.97 

2.09 

Averasre 

12.3 

2.00 

1^.8 

2.32 

n.7 

1.95 

10.4 

1.72 

11.88 

1.99 

Considering,  next,  the  whole  time  of  feeding,  again  a  close  re- 
lation between  the  results  of  the  two  years  is  apparent.  On  the 
average  in  1903  it  required  12.8  pounds  of  hay  and  1.9  pounds  of 
grain  for  each  pound  of  gain,  and  in  1904  it  required  10.97  pounds  of 
hay  and  2.09  pounds  of  grain  for  each  pound  of  increase  in  live 
weight. 


66 


BULLETIN  NO.  58. 


COST  OF  FEEDING. 

Considering,  next,  the  cost  of  feeding,  we  find  that  on  the 
average  it  cost  10.63  cents  per  day  to  feed  each  steer.  The  range 
for  the  different  lots  was  from  10.4  cents  per  day  for  the  oat  and 
barley  ration  to  11.09  cents  per  day  for  the  wheat  ration.  As  noted 
in  other  publications  the  cost  is  not  always  a  true  test  of  the  feeding 
value  of  any  grain ;  the  amount  of  food  required  for  each*  pound 
of  gain  being  a  much  more  correct  test  upon  which  to  base  con- 
clusions. The  wheat  ration  in  this  respect  is  the  most  costly  be- 
cause of  the  greater  value  of  the  wheat,  which  was  $1.25  per 
hundred  pounds,  compared  with  $1.00  per  hundred  pounds  for  the 
other  grains. 

The  cost  for  each  pound  of  gain  was  4.94  cents,  or  nearly  5 
cents.  The  range  was  from  4.56  cents,  or  about  4j4  cents,  up  to 
51-3  cents  for  each  pound  bf  gain.  The  mixed  grain  ration  was 
the  least  costly.  Next  follows  the  barley  ration,  the  oat  and 
wheat  rations  being  the  most  expensive.  The  cheapest  gains 
were  made  during  the  first  period,  when  the  light  grain  ration  av.is 
fed.  The  next  to  the  cheapest  gains  were  made  during  the  4th 
period,  when  a  mixed  grain  ration  was  fed. 


TABLE  No.  V.~A  Comparison  of  the  Cost  of  Producing  one  Pound  of  i:r«ia 
During  1903  and  1904. 


Test  Period. 
49  days.  1903 
56  days,  1904 

Lot  1. 

Fed  Wheat. 

Cents. 

Lot  2. 
Fed  Oats. 

Cents. 

Lots. 

Fed  Barley. 

Cents. 

Lot  4. 

Fed  Mixture 

Cents. 

Averaire 

of  Car  £jot. 

CentB. 

Oost  of  1  lb.  gain 
1903 

Cost  of  1  lb.  gain 
1904 

5.06 
5.78 

8.05 
5.67 

6.32 
5.08 

5.22 
5.20 

6.16 
5.43 

Average 

5.42 

6.86 

5.25 

5.21 

5.79 

Whole  tiQie  exp. 
Ill  days.  1903 
101  days,  1904 

Cost  of  1  Ib«  gain 
1903 

5.90 

5.a3 

6.13 
5.01 

4.81 
4.86 

4.17 
4.56 

5.20 

Cost  of  1  lb.  gain 
1904 

4.94 

Average 

5.61 

5.57 

4.83 

4.36 

5.07 

Table  No.  5  makes  a  comparison  of  the  cost  of  feeding,  both 
for  the  test  period  and  for  the  whole  time  of  the  experiihent,  for 
two  years,  viz:  ic.03  and  1904.  It  will  be  noticed  that  «hning 
1903,  for  the  test  period,  the  cheapest  gains  were  made  by  the 
wheat  ration.     But  that  year  the  wheat  was  worth  less  than  it  was 
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during  1904,  On  the  average  for  all  of  the  steers  it  cost  6.16  cents 
for  each  pound  of  gain  for  1903  and  for  1904  the  cost  was  5.43  cents. 
For  the  whole  time  of  the  feeding  test  it  cost  during  1903,  5.2  cents, 
on  the  average,  for  each  pound  of  gain  put  upon  the  steers.  Dur- 
ing 1904  the  cost  was  4.94,  or  nearly  .3  cents  less.  The  cheapest 
gains  in  both  years  were  made  with  the  mixed  grain  ration.       In 

1903  this  ration  produced  a  pound  of  gain  for  4.17  cents,  and  in 

1904  the  cost  was  4.56  cents. 

TABLE  No.  VI— FINANCIAL  RESULTS  AND   SUMMARY,   1903-4. 


Lot  I 
Wheat 


Lot  II. 
Oats. 


Lot  III 
Barley 


Lot  IV 
Mix're 


AveraRe 
&  totals. 


Number   of   Steers 

Weipfht  at  beginning lbs. 

Cost  of  steers  at  3 .  2c.  per  pound 

Cost   of   food   per   lot 

•  Cost   of   food   per   steer 

Total  cost  of  steers 

Wcifjht  at  close  of  experiment lbs. 

Rec'd   for   steers,  3.5c   lb  shrunk   w'ght 

Received  per  head  for  each  steer 

Loss  on  each  lot 

Loss  on  each  Fteer 


8 
7458 
$236.60 
89.60 
11.20 
326.20 
9123 
308.47 
38.56 
17.73 
2.21 


8 
7546 
$239.38 
84.03 
10.50 
323.41 
9233 
312.20 
39.02 
11.21 
1.40 


8 

74161 

$235 . 27 1 

84.03 

10.50 

319.30 

9138 

313.56 

39.19 

5.74 

.72| 


8 

7526 

$238 . 75 

85.97 

10.74 

324.72 

9430 

318.90 

39.86 

5.82 

.73 


32 

29946 

$950.00 

343.63 

10.73 

1293.63 

36924 

1253.12 

39.16 

40.51 

1.26 


FINANCIAL  RESULTS  WITH  STEERS. 

Table  No.  6  gfives  the  financial  results  with  this  lot  of  steers. 
As  noted  above  the  steers  made  better  gains,  and,  comparatively 
speaking,  more  economical  gains,  during  the  time  of  this  test  than 
they  did  the  year  before.  However,  financially  considered,  the  re- 
sults did  not  return  enough  to  pay  for  the  feed  given  the  animals. 
These  steers  cost  an  average  of  3.2  cents  per  pound  live  weight. 
They  were  sold  for  3J/2  cents  per  pound  shrunk  weight.  This  meant 
slio^htly  less  than  $40.00  per  head  net  received  for  each  steer  and 
meant  a  loss  on  the  whole  lot  of  $40.51.  This  was  an  average  of 
$1.26  loss  on  each  steer,  or,  in  other  words,  the  steers  failed  to  pay 
for  the  feed  given  them,  without  considering  the  labor,  by  $1.26 
each.  This  result  bears  out  the  statement  of  the  vear  before  that 
profits  in  feeding  steers  cannot  be  generally  made  Unless  there  is 
a  greater  diflFerence  in  the  buying  and  selling  price  than  was  the  case 
with  this  car  lot.  I  think  others  will  remember  that  during  this 
year  C1903)  many  steers  sold  in  the  market  for  a  lower  price  in  the 
spring  than  they  did  in  the  fall,  and  with  very  many  people  the 
losses  were  greater  than  are  here  shown. 
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STEER  FEEDING  EXPERIMENT,  1904-5. 


INTRODUCTION. 


In  an  agricultural  country,  such  as  Montana  is,  there  are  many 
agricultural  and  live  stock  questions  pressing  for  solution,  and  it 
is  (liflicult  at  times  to  decide  which  of  these  should  have  first 
attention.  The  first  experiments  conducted  at  the  Station  on  feed- 
ing cattle  were  conducted  by  Prof.  Shaw  during  the  three  years 
from  1900  to  1902.  These  experiments  dealt  mainly  with  the 
feeding  value  of  the  different  kinds  of  fodders.  The  next  two 
years  these  experiments  were  conducted  by  the  writer  in  a  study 
of  the  comparative  value  of  different  kinds  of  grain.  The  results 
of  the  two  years*  work  were  very  similar,  so  that  while  these  re- 
sults are  not  exactly  conclusive,  yet  they  afford  a  guide  for  those 
interested,  and  are  valuable  as  a  basis  for  further  study. 

Another  question  that  has  attracted  much  attention  and  con- 
siderable inquiry  is,  as  to  the  amount  of  grain  to  feed  with  the 
fodder  crops,  clover  and  alfalfa.  This  question  is  of  considerable 
importance  as  our  fodder  crops  are  comparatively  cheap,  whereas 
the  grain  is  much  more  expensive  than  in  the  east.  Because  of  this 
fact  we  determined  during  the  winter  1904-5  to  consider  the  ques- 
tion of  the  amount  of  grain  that  might  be  most  profitably  fed  in  a 
fattening  ration.  For  this  test  we  had  on  the  station  farm  three 
steers,  and  21  head  were  purchased  from  Mr.  John  Keifer,  of  Boze- 
man.  The  steers  were  a  fair  average  lot,  but  not  extra  in  quality, 
consisting  of  Hereford  and  Shorthorn  grades.  They  weighed  on  the 
average  1070  lbs.  each  when  they  arrived  on  the  station  farm  Nov.  9, 
1904.  They  had  the  run  of  a  pasture  but  were  also  fed  hay  in  racks 
in  addition  until  November  2Tst,  when  the  experiment  was  started. 

PLAN  OF  THE  EXPERIMENT. 

The  twenty-four  steers  were  divided  into  four  lots 
and  the  division  was  made  as  evenly  as  possible,  consid- 
ering weight  and  quality.  There  weic  thus  six  steers  in  each 
lot.     These  steers  were  fed  as  follows:     Lot  one  was  fed  on  clover 
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hay  and  three  pounds  of  grain  a  day.  Lot  two  was  fed  on  clover 
hay  and  five  pounds  of  grain  a  day.  Lot  three  was  fed  on  clover 
hay  and  seven  pounds  of  grain  a  day^  Lot  four  was  fed  on  clover 
hay  and  lo  pounds  of  grain  a  day.  The  hay  fed  was  a  mixture  of 
first  and  second  crops  clover,  and  of  fairly  good  quality.  The 
grain  ration  was  made  up  of  a  mixture  of  barley,  oats  and  bran, 
in  the  proportion  of  J/2  barley,  J4  oats  and  J4  bran  by  weight.  For 
the  first  two  weeks  of  the  test  the  cattle  received  clover  hay  only. 
The  grain  ration  was  then  started  by  giving  six  pounds  of  grain 
to  each  lot,  or  one  pound  to  each  steer.  This  grain  ration  was  in- 
creased one  pound  to  each  lot  every  second  day  until  a  full  grain 
ration  was  reached.  It  will  be  seen  from  this  that  lot  one,  getting 
three  pounds  of  grain,  received  its  full  grain  ration  a  considerable 
time  before  the  other  lots  received  the  full  amount  of  grain  specified. 
This  gradual  increase  in  the  grain  was  necessary  so  that  the  steers 
would  get  used  to  the  heavy  grain  ration  without  danger  of  diges- 
tion disturbances.  The  hay  was  fed  to  the  steers  twice  a  day^ 
morning  and  evening,  they  being  given  what  they  would  eat  up 
reasonably  clean  in  an  hour  or  two.  The  grain  was  weighed  to 
the  steers  at  each  feed,  twice  a  day.  These  steers  were  fed  in  the 
same  yards  as  in  previous  years  and  it  was  noted  that  they  made 
good  use  of  the  straw  covered  shed  during  the  nights,  which  made 
for  them  quite  comfortable  quarters. 

COST  OF  THE  FEED. 

The  cost  of  the  feed  is  given  to  afford  a  comparison  with  other 
years  and  to  give  a  basis  for  figuring  the  cost,  by  those  whose 
prices  are  similar  to  ours.  The  value  put  upon  the  feed  was  as 
follows:  Clever  hay,  $5.00  per  ton;  barley,  $1.05  per  cwt,;  oats 
$1.00  per  cwt.;  bran,  90c  per  cwt. 

WEIGHING  THE  CATTLE. 

To  get  the  correct  weights  of  the  cattle  they  were  weigher! 
three  times  in  as  many  days  at  the  beginning  of  the  test.  They 
were  weighed  again  when  on  full  feed  and  once  each  two  weeks 
thereafter  until  the  close  of  the  test.  The  cattle  were  weighed  right 
after  noon  so  as  to  be  as  near  midway  between  morning  and 
evening  feeding  as  possible. 
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DISCUSSION  OF  RESULTS. 

Tables  i  and  2  give  the  result  of  this  feeding  test.  The  time 
of  feeding  is  divided  into  periods,  to  better  study  the  results,  as  the 
experiment  progressed.  Each  lot  of  steers  received  the  same  kind 
and  'juality  of  hay  throughout  the  test.  The  only  difference  in  the 
ration  ci'iven  was  in  the  varying  amounts  of  grain. 


GAIN  IN  LIVE  WEIGHT. 

Table  No.  i  shows  the  weights  and  gains  made  by  the  various 
lots.  Considering,  first,  the  experiment  period  of  99  days,  or  14 
weeks,  from  Dec.  20  to  March  29,  we  find  that  lot  II  (5  pounds  of 
grain  per  day)  gained  536  pounds,  while  lot  IV  (10  pounds  of  grain 
per  day)  gained  706  pounds,  or  170  pounds  more.  This  was  also 
36  pounds  more  than  was  gained  by  lot  I  and  51  pounds  more  than 
was  gained  by  lot  III.  The  daily  gains. were  low,  compared  with 
previous  years'  feeding.  Lot  I  gained  more  than  lot  II,  althoug^h 
lot  I  received  less  grain.  Lot  IV,  on  10  pounds  of  grain,  gained 
but  1. 19  pounds  per  day  per  steer,  and  lot  I,  on  three  pounds  of 
grain,  gained  i .  13  pounds  per  day  per  steer — a  very  slight  differ- 
ence. 

Considering  the  experiment  period  the  effect  of  the  increased 
grain  ration  is  seen  in  the  increase  in  th€  gains  made  as  the  amount 
•of  grain  is  increased,  but  the  difference  is  much  less  than  the  dif- 
ference in  the  grain  ration  would  lead  a  person  to  expect. 
Considering,  next,  the  whole  time  of  the  test  we  have  a  somewhat 
similar  result.  The  steers  in  each  lot  gained  on  the  average  from 
149  pounds  for  lot  TI  to  177  pounds  for  lot  IV  and  averaged  for  the 
carload  167.7  ^^^s.  each  during  the  129  days  of  the  test.  The  daily 
gain  per  steer  ranged  from  i .  16  pounds  per  day  for  lot  II  to  1.37 
pounds  for  lot  IV.  When  we  consider  the  whole  of  the  feeding 
period,  except  for  lot  II,  there  is  but  little  difference  in  the  gains 
made  by  the  different  lots  fed  the  different  amounts  of  grain.  Lot 
T  received  3  pounds  of  grain  per  day  per  steer  and  gained  1024 
pounds.  Lot  III  received  7  pounds  per  day  and  gained  1037 
pounds,  or  but  13  pounds  more  than  lot  I  in  129  days  Lot  IV  re- 
•ceived  10  pounds  of  grain  per  day  and  gained  1066  pounds,  or  but 
44  pounds  more  than  lot  I  on  three  pounds  of  grain  per  day. 

Considering    each    individual    steer,    those    fed  on   7  and    10 
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pounds  of  grain  per  day  gained  but  2  and  7  pounds  more,  respect- 
ively, than  those  fed  three  pounds  of  grain  per  day,  and  that  for 
the  129  days  of  the  feeding  test.  Leaving  out  of  consideration  lot 
II,  which  for  some  reason  did  not  do  quite  so  well,  we  notice  a 
slight  increase  in  the  gain  of  the  steers  as  the  grain  ration  is  in- 
creased, but  the  increased  gain  in  no  wise  compensates  for  the 
extra  grain,  eaten.  Neither  is  this  gain  sufficient  to  give  the  better 
fed  steer  any  better  finish  for  the  market.  It  should  be  noticed, 
however,  that  the  gains  made  by  the  steers  in  this  experiment  were 
the  lowest  gains  made  by  any  steers  fed  at  the  Station  for  the  past 
five  years.  The  gains  by  years  are  as  follows:  In  1900  the  aver- 
age daily  gain  per  steer  was  2.27  pounds.  In  1901  it  was  1.82 
pounds.  In  1902  the  gain  was  2.27  pounds.  In  1903  each  steer 
gained  2.15  pounds.  In  1904  each  steer  gained  2.16  pounds  and  in 
1905  the  gain  was  1.3  pounds  per  day  per  steer.  I  cannot  at  this 
time  account  for  the  difference,  unless  it  may  be  due  to  the  fact 
that  the  steers  fed  the  past  winter  were  in  a  little  better  flesh  at  the 
beginning  of  the  experiment. 

FOOD  EATEN  BY  THE  STEERS  AND  COST  OP  POOD. 

Table  No.  2  gives  the  weight  of  food  eaten  by  the  steers  aud 
the  cost  of  the  same.  Considering,  first,  the  t*est  perioi  of  gc)  d^ys, 
the  steers  ate  per  day  from  22.1  to  25.7  pounds  of  hay  and  from  three 
to  9  pounds  of  grain.  We  will  notice  that  there  is  a  slight  de- 
crease in  the  amount  of  hay  eaten  per  day  as  the  amount  of  grain 
increases,  but  the  total  food  eaten  is  larger  for  those  steers  getting 
the  larger  grain  ration.  In  other  words,  the  increase  in  the  grain 
ration  did  not  save,  proportionately,  as  large  amount  of  hay  as  the 
increase  in  grain  fed.  The  time  covered  by  this-  "test  period" 
starts  when  lot  I  received  the  full  grain  ration  of  3  pounds  per  day, 
and  it  took  one  month  after  this  to  get  lot  IV  up  to  10  pounds  of 
grain,  so  that  the  average  grain  fed  for  the  "test  period,"  except 
for  lots  I  and  II,  is  slijsrhtly  below  the  maximum  grain  ration. 

Considering,  next,  the  food  eaten  for  one  pound  of  gain,  we 
find  that  lot  T  ate  22.8  pounds  of  hay  and  2.66  pounds  of  giain  for 
each  pound  of  gain  made.  Lot  II,  with  5  pounds  of  grain  per  day. 
required  28  pounds  of  hay  and  5.43  pounds  of  grain.  Lot  III  ate 
22.5  pounds  of  hay. and  6.02  pounds  of  sjfrain  for  each  pound  of  in- 
crease in  live  weight,  while  lot  IV,  on  a  maximum  erain  ration, 
required    18.6  pounds  of  hay  and   7.53  pounds  of  grain   for   each 
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pound  of  increase  in  live  weight.  These  figures  afford  a  very  inter- 
esting comparison  of  the  relative  value  of  the  various  rations- 
Put  into  money  value  we  find  that  the  cost  of  each  pound  of 
gain  ranged  from  8.49c  for  lot  I  up  to  12.55c  for  lot  IV — a  difier- 
ence  of  4c  in  favor  of  the  lighter  grain  ration.  For  lot  II,  fed  5 
pounds  of  grain  per  day,  each  pound  of  gain  cost  more  than  did 
the  gain  on  lot  IV^  fed  the  larger  grain  ration.  As  noted  above 
the  steers  in  lot  II,  for  some  reason,  did  not  do  very  well. 

Considering,  next,  the  whole'  time  of  the  test,  which  will  in- 
clude the  30  days  preliminary  feeding,  when  hay  was  mainly  fed, 
and  but  little  grain,  we  find  that  this  preliminary  period  material- 
ly helps  out  the  cost  of  feeding.  It  will  be  noted  by  referring  to 
table  I  that  the  gains  made  during  this  first,  or  preliminary  period, 
were  on  the  average  much  faster  than  the  gains  made  during-  the 
99  days  test  period.  We  find  also  that  the  amount  of  hay  and  grain 
eaten  per  day  per  steer  and  for  each  pound  of  gain  in  live  weight 
was  considerably  less  than  during  the  experimental  period.  During 
this  preliminary  period  the  cost  of  one  pound  of  gain  in  live  weight 
averaged  about  3.4  cents  per  pound,  compared  with  Syi  to  I2y2  cts. 
per  pound  during  the  experimental  period.  The  effect  of  this,  as 
stated  before,  is  to  materially  reduce  the  cost  of  feeding  for  the 
whole  time  of  the  experiment.  The  hay  eaten  per  day  by  the 
steers,  on  the  average  for  the  129  days,  was  practically  the  same 
as  for  the  experimental  period,  but  the  grain  ration  ranges  from 
2.5  to  7  pounds,  which  is  considerably  lower  than  for  the  experi- 
mental period.  The  food  eaten  for  each  pound  of  gain  is  consider- 
ably less,  both  in  clover  and  in  grain,  ranging  from  2  to  7  pounds 
less  hay  and  from  .7  to  nearly  2  pounds  less  grain. 

Considering  the  average  of  the  car-lot  we  found  that  the  steers 
ate  24.4  pounds  of  hay  and  4.7  pounds  of  grain  per  day. 
The  food  eaten  for  one  pound  of  gain  averaged  18.9  pounds  of 
clover  and  3.81  pounds  of  grain.  The  cost  of  feeding  averaged  for 
the  car-lot  8.4  cents  for  each  pound  of  gain  in  live  weight.  These  re- 
sults, as  will  be  noted  by  referring  to  the  first  experiment  reported 
in  this  bulletin  and  to  previous  years'  tests,  are  considerably  more. 
expensive  gains  than  we  have  previously  had  in  our  feeding  tests. 
This  is  true  even  of  the  smallest  grain  ration,  viz:  three  pounds 
per  day. 
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FINANCIAL  RESULT  OF  THE  TEST. 

Table  No.  3  gives  the  finaticial  statement  and  the  summary 
for  this  test.  It  presents,  in  another  way,  several  facts  given  in  the 
previous  tables.  The  steers,  on  the  average,  cost  $28.00  each,  but 
to  put  all  on  an  even  basis,  they  are  figured  at  a  calculated  rate 
of  $2.58  per  hundred  pounds.  In  this  way  we  get  the  correct  cost 
of  each  lot  of  steers  as  determined  from  their*beginning  weights. 

The  average  cost  of  feeding  each  steer,  for  the  129  days, 
ranged  from  $9.47,  for  lot  I,  to:$i4.76  for  lot  IV — a  difference  of 
$5.43  per  steer  in  favor  of  lot  I,  which  was  fed  the  light  grain 
ration.  The  average  cost  per  steer  for  the  carload  was  $12.16. 
The  total  cost  of  feeding  the  carload  was  $291.89. 


TABLE  No.  m— FINANCIAL  STATEMENT  AND   SUMMARY,   1904-5 


Lot  1. 
Clover 
&31bs, 
of  gr'D. 


Lot  II. 
Clover 
<fe  5  lbs. 
of  gr'n. 


Lot  ill 
Clover 
&  7  lbs. 
of  ^r'D. 


Lot  IV 

Clover 
&  10  lbs 
of  (^r'n. 


Average 
and  totUs 


Nnmber  of  steers 

Weight  at  beginning lbs. 

Cost  of  steers  at  2.58c  per  lb...'. 

Cost  of   food  per  lot 

Cost  of  food  per  steer 

Total  cost  of  steers   \ 

Weight  at  dose  of  test lbs. 

Net  gain  in  pounds « .\\>sf, 

Rec'd  for  steers,  shrunk  w'ght,  3.5c  lb 

Received  per  head  for  steers 

Profit  on  each  lot  and  totU  profit.. «..« 
Profit  or  loss  on  each  steer 


6 

6 

6 

6 

24 

6546 

6488 

6553 

6490 

26077 

$109.00 

$167.40 

$169.60 

$168.00 

$674.00 

56.91 

68.14 

78.25 

88.59 

291.89 

9.47 

11.36 

13  04 

14.76 

12.16 

225.91 

235.54 

247.85 

256 . 59 

965.89 

7670   7386].  7590 

7556 

301.02 

1024 

898 

1037 

1066 

4025 

267.96 

261.45 

268.67 

267.46 

1065.54 

44.66 

43.58 

44.78 

46.58 

44.40 

42.05 

25.91 

20.82 

10.87 

99.55 

t.Ol 

4.32 

3.45 

1.81 

4.16 

These  steers  sold  for  3.5  cents  per  pound,  shrunk  weight, 
which  was  nearly  i  cent  above  the  purchase  price.  The  price  re- 
ceived per  steer  ranged  from  $43.58  for  lot  II  to  $46.38  for  lot  IV. 
The  average  price  received  for  the  steers  was  $44.40  at  Bozeman. 
The  profit  on  each  steer  in  thfe  lot  tells  an  interesting  story.  On 
lot  I  the  profit  was  $42.05.  On  lot  II  it  was  $25.91.  On  lot  III 
the  profit  was  $^0.82,  and  on  Id^  IV  only  $10.87.  Th^  profit  on  each 
steer  ranged  from  $7.01  for  lot  I,  which  was  fed  on  the  light  grain 
ration,  down  to  $1.81,  for  the  steers  fed  the  heavy  grain  ration,  or, 
in  other  words,  the  steers  fed  the  light  grain  ration  returned  nearly 
four  times  the  profit  obtained  on  lot  IV,  fe4  the  heavy  grain 
ration. 
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WHERE  DOES  THE  PROFIT  COME  FROM? 


In  Bulletin  48  it  is  stated  that  the  profit  in  feeding  the  steers 
we  have  handled  has  been  due  to  the  difference  between  the  buy- 
ing  and  selling  price  of  the  steers,  rather  than  to  any  pro^t  made 
on  the  increase  put  iipon  the  animals  while  feeding. 

The  above  table,  No.  4,    which    gives  the    cost  price  of  the 
steers,  the  selling  price,,  and  cost  per  pound  of  gain  for  six  years, 
from  1900  to  1905,  inclusive,  fully  illustrates  this  point.     In   only 
two  instances  was  the  cost  of  the  gain  less  than  the  selling  price  of 
the  steers,  namely:  For  lot  I,  in  1901,  and  for  lot  I  in  1902.     Yet 
in  every  year,  except  for  1903  and  1904,  there  was  a  profit  over  mar* 
ket  prices  made  on  the  steers,  and  in  1903  the  loss  was  very  little, 
namely,  $6.00  on  the  car  lot  or  25  cents  on  each  steer.     In   1904 
the  loss  was  greater.     A  pertinent  question  is,  what  is  the  least  dif- 
ference between  the  buying  and  selling  price  that  will  afford  a  safe 
margin  when  feeding  for  profit?     In  1903  the  steers  practically  paid 
for  their  feed.       The  difference  between  the  buying  and  sellings 
price  was  35  cents  per  hundred.     In  1904  the  difference  between  the 
buying  and  selling  price  was  only  30  cents  per  hundred  pounds^ 
and  the  loss  on  the  car  load  was  $40.51,  or  $1.^6  per  steer.      In 
1900  the  difference  between  the  buying  and  selling  price  was   78 
cents  per  hundred  pounds  and  the  profit  on  the  car  load  was  $77.93, 
or  on  each  steer  $4.87.     In  1901  the  difference  between  the  buying' 
and  selling  price  was  95  cents  and  the  profit  on  the  car  load  "was 
$122.59  ^^^  for  each  steer  $3.95.     In  1902  the  difference  between  the 
buying  and  selling  price  was  $1.17  per  hundred  pounds  and  the 
profit  on  the  car  load  was  $168.68  or  $7.66  for  each  steer.    In  1905 
the  difference  between  the  buying  and  the  selling  price  was   92 
cents  per  hundred  pounds,  and  the  profit  on  the  car  load  was  $99.55, 
or  for  each  steer  $4.15. 

While  we  cannot  neglect  the  commercial  factor  of  buying  and 
selling  in  considering  the  profit  in  feeding  steers,  yet  the  cost  of 
the  ration  may  mean  very  much  on  the  financial  returns.  In  1900 
the  difference  in  the  cost  of  100  pounds  of  gain,  between  the 
cheapest  and  most  expensive  ration,  was  $1.28.  In  1901  the  diflFer- 
cnce  was  46  cents  per  hundred  pounds.  In  1902  it  was  $1.80  per 
hundred  pounds.  In  1903  it  was  $1.97  per  hundred  pounds  and  in 
1904  the  difference  was  87  cents  per  hundred  pounds,  and  in  1905 
the  difference  was  $2.80  per  hundred  pounds. 

If  we  esJtimate  that  the  steers  gained  700  poundiB  each  <hi|iQ{; 
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TABLE  No.  IV. — A  Comparison  Between  the  Cost  and  Selling  Price  of  the 
Steers,  with  the  cost  of  Each  Pound  of  Gain  for  the  Six  Years  from  1900 
to   X905< 
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the  winter,  and  nearly  all  those  steers  did  better  than  that,  the  dif- 
ference in  the  co^t  quoted  would  mean  a  difference  in  the  returns 
of  from  92  cents  to  $5.60  on  one  steer,  or  a  difference  of  $92.00  to 
$560.00  more  profit  on  100  steers,  according  to  the  ration  fed.  These 
facts  are  certainly  worth  considering. 

Yet  another  point  to  consider  is  the  cost  of  these  gains  com- 
pared to  the  cost  in  the  east.  A  recent  Iowa  bulletin  (No.  79) 
gives  the  cost  of  feeding  steers  per  pound  of  increase  where  a  large 
number  of  steers  were  considered  as  follows:  Fifty  steers  were 
fed  in  a  lot  and  the  cost  of  each  pound  of  gain  ranged  from  7.88 
cents  to  9.45  cents  in  1903  and  from  9.65  cents  to  11.08  cents  in 
1902. 

Except  for  1905  the  results  obtained  by  the  Montana  Experi- 
ment Station  >yere  very  much  below  those  above  quoted  from  Iowa. 
These  steers  wer  fed  during  the  various  winters  from  loi  to  I39 
days  and  the  average  daily  gain  was  over  two  pounds  per  day,  as 
will  be  noted  in  another  place  in  this  bulletin.  It  will  also  b? 
noted  that  these  gains  are  made  on  a  much  lighter  grain  ratios 
than  is  usual  in  the  corn  districts.  These  results  afford  much  en- 
couragement to  the  Montana  feeder  who  finishes  his  cattle  before 
sending  them  to  the  eastern  market.  The  six  years  covered  bj 
these  tests  have  been  an  area  of  low  prices  for  cattle,  so  that  the 
retjH|Ea^  4iave  not  been  large  compared  with  the  returns  from  feed- 
ing fili£ep.  However,  they  have,  in  the  main,  been  on  the  rigb* 
side,  which  should  be  encouraging,  because  more  propitious  timf^ 
are  surely  coming. 
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SUMMARY. 

Experiment  for  1903-4. 

(i.)  The  results  of  the  tests  made  during  the  winter  1902-3 
«ihd  1903-4  seemed  to  show  that  the  relative  value  of  the  different 
grains,  (when  fed  with  clover)  to  produce  increase  in  live  weight 
on  a  steer,  is:  ist,  mixed  grain;  2d,  barley;  3d,  wheat;  4th,  oats. 
See  page  62. 

(2.)  Considering  the  food  required  for  each  pound  of  gain 
the  relative  value  of  the  different  grains,  when  fed  with  clover,  is 
as  follows:  ist,  mixed  grain;  2d,  wheat;  3d,  barley;  4th,  oats. 
See  page  63. 

(3*)  With  the  cost  of  grain  and  hay,  as  reported  in  this  bul- 
letin, the  relative  value  of  these  grains  was  as  follows,  starting 
with  the  lowest  or  cheapest  ration:  ist,  mixed  grain;  2d,  barley: 
3d,  wheat;  4th,  oats.     See  page  66 

(4.)  These  steers  cost  3.2  cents  per  lb.  live  weight  and  sold 
for  3.5  cents  per  lb.  Considering  this  difference  between  the  buy- 
ing and  selling  price  and  the  cost  of  the  grain  and  hay  fed,  these 
steers  failed  to  pay  for  their  feed  by  $40.51,  which  represented  a 
loss  of  $1.26  on  each  steer.     See  page  67. 


Experiment  for  1904-5. 

(i.)  In  this  test  while  the  steers  fed  the  larger  grain  ration 
gained  more  and  faster  than  those  fed  the  smaller  grain  ration, 
yet  the  gains  were  in  no  wise  in  proportion  to  the  difference  in  the 
grain.  Steers  fed  7  and  10  pounds  of  grain  a  day  gained  an  aver- 
age of  but  two  pounds  more  each  than  those  fed  three  pounds  of 
grain  per  day  over  a  period  of  99  days.     See  table  I.,  page  71. 

(2.)  The  food  required  for  each  pound  of  gain  ranged  from 
22.8  lbs.  of  hay  and  2.66  lbs.  of  grain  for  lot  I,  and  18.6  lbs.  of  hay 
and  7.53  lbs.  of  grain.  This  represents  a  displacing  of  the  cheap 
hay  by  the  more  expensive  grain,  which,  with  prices  as  they  are 
with  us,  does  not  tend  towards  economy  of  production.    See  page  74. 

(3.)  Put  into  money  value,  the  cost  of  each  pound  of  gain 
ranged  from  8.49  cents  for  lot  I,  up  to  12.55  cents  for  lot  IV,  a  dif- 
ference of  4  cents  in  favor  of  the  light  grain  ration.     See  page  74. 
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(4.)  On  the  average  for  129  days  each  steer  in  this  carlot  ate 
24.4  pounds  of  hay  and  4.7  pounds  of  grain  per  day.  They  required 
18.9  pounds  of  hay  and  3.81  pounds  of  grain  for  each  ^pound  of  in- 
crease in  live  weight,  and  the  cost  of  this  increase  averaged  8-4 
cents  per  pound.     See  page  74. 

(5.)  These  steers  cost  2.58  cents  per  pound  and  sold  for  3.5 
cents  per  pound  live  weight.  With  this  difference  and  considering 
the  cost  of  the  food,  the  profit  on  the  food  given  each  steer  of  this 
car  was  as  follows: 

Lot   I,   fed   3   pounds   of  grain $7-3i    each. 

Lot  II,  fed  5  pounds  of  grain 4.32  each. 

Lot  III,  fed  7  pounds  of  grain 3.45  each. 

Lot  IV,  fed  10  pounds  of  grain i  .81  each. 

(6.)  In  the  experiments  conducted  in  feeding  a  car  lot  of 
steers  for  the  past  six  years,  in  but  one  year,  and  then  with  but  one 
lot,  has  the  selling  price  of  the  steers  equaled  the  cost  of  the  gain. 
The  profit  is  a  business  inatter  and  must  come  from  selling  the 
animal  at  an  ;«dvanc^.d  price  per  pound  over  the  buying  price. 
The  belter  condition  of  the  animal  generally  makes  it  poss'b'o  to 
get  this  extra  price.     Page  76. 

(7.)  The  above  fact  does  not  make  less  important  the  neces- 
sity for  the  investigations. to  find  the  most  efficient  and  cheapest 
ration.  For  the  six  years  during  which  these  tests  have  run,  the 
difference  in  cost  between  the  rations  fed  for  the  various  years 
would  mean  a  difference  of  from  $92.00  to  $560.00  more  profit  on 
100  steers.    See  page  yy. 
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INTRODUCTION. 


The  Montana  Experiment  Station  has  fed  a  car  load  of  sheep 
each  winter  since  the  year  1898,  and,  up  to  date,  therefore,  has  ted 
for  seven  reasons.  The  last  report  published  of  this  work  was  Bul- 
letin No.  .^7,  in  which,  on  some  points,  a  summary  was  given  of  the 
v/ork  previously  done.  This  work  was  continued  for  the  season  of 
1903-4  and  1904-5,  and  the  results  of  this  work  will  be  reported  here- 
with. 

The  experiment  for  the  winter  of  1903-4  was  a  repetition  of 
that  of  the  year  before,  although  with  not  quite  as  good  a  grade  of 
stock.  The  sheep,  both  the  lambs  and  the  wethers,  fed  during  the 
winter  of  1902-3  were  an  extra  fine  lot,  containing  considerable  of 
muttop  blood  upon  a  Merino  foundation.  They  were  good,  thrifty 
stock  when  they  arrived  on  the  station  farm,  and  a  month's  feeding^ 
upon  the  grain  and  hay  fields  of  the  farm  put  them  into  the  feed 
lots  in  extra  fine  condition.  At  the  end  of  the  season  they  had, 
therefore,  the  size  and  fatness  to  command  the  top  price  on  the 
market.  However,  there  are  many  other  classes  of  stock  in  the 
state  and  it  is  our  purpose  to  learn  all  we  can  ^bout  these  various 
grades  and  classes. 

NUMBER    AND    KIND  OF  SHEEP   PURCHASED. 

The  sheep  purchased  for  the  experiment  of  the  winter  of  1903-4 
consisted  of  120  lambs,  which  cost  us  $1.79  3-10  each  delivered  at 
Bozeman,  and  120  two-year-old  wethers,  which  cost  us  $2.56  each 
at  Bozeman.  They  were  selected  and  purchased  for  us  by  Mr. 
John  M.  Robinson,  of  Bozeman,  to  whom  we  are  indebted  for  this 
favor.  No  special  attempt  was  made  to  select  any  especial  grade 
of  stock,  but  they  were  taken  out  of  a  larger  bunch  just  as  they 
would  come.    They  were  delivered  at  the  station  farm  on  the  3rd 
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of  November  and  turned  out  upon  the  grain  and  hay  fields.  The 
fall  and  summer  had  been  quite  dry,  however,  so  that  there  was  but 
little  feed  upon  the  fields  and  in  two  weeks  the  sheep  were  put  into 
the  feed  lots.  When  they  came  upon  the  station  farm  the  wethers 
averaged  113  pounds,  and  two  weeks  later,  when  put  into  the  feed 
lots,  they  weighed  119^  pounds  each,  gaining  63^  pounds  on  the 
pasture.  This  may  have  been  partly  due  to  a  fill-up,  as  well  as  to 
some  increase  in  weight.  The  lambs  weighed  54  pounds  each  when 
they  arrived  on  the  farm  and  573^  pounds  when  put  into  the  feed 
lots  two  weeks  later.  It  will  be  noted  that  these  weights  were  con- 
siderably below  the  weights  of  the  stock  fed  the  year  before,  when 
the  wethers  weighed  123  pounds  at  the  beginning  of  the  test  and 
the  lambs  70  pounds.  These  weights  also  show  that  the  lambs 
were  light  for  the  season  of  the  year  and  they  were  not  equal  in 
quality  to  those  of  the  year  before,  but  in  breeding  were  somewhat 
similar,  being  Merino  grades  with  a  greater  or  less  mixture  of 
mutton  blood.  The  withers  were  also  light  in  weight  but  were  a 
little  better  in  condition  and  quality  than  the  lambs. 

KIND  AND   PRICES   OF   FEED. 

In  this  portion  of  Gallatin  Valley  the  principal  hay  is  red  and 
alsike  clover,  usually  mixed  in  various  proportions.  With  the  sum- 
mer weather  we  usually  have,  this  hay  may  be  easily  cured,  saving 
a  large  proportion  of  the  leaves  and  stems  and  is  thus  of  very  good 
quality.  We  usually  have  considerable  new  meadow,  as  we  seed 
about  IS  to  20  acres  everv  vcar  in  followins^  a  svstematic  rotation  on 
the  farm.  This  leaves  quite  a  large  amount  of  old  stubble  on  the 
hay  field,  more  or  less  of  which  is  raked  up. with  the  first  crop  of 
clover.  As  the  animals  refuse  to  eat  those  dead  stalks,  it  means 
considerable  waste  when  feeding  this  first  crop  of  hay,  which  was 
the  main  crop  f-ul  lo  those  sheep.  Again  the  winter  of  1003  4  was 
(juitc  a  sno»vy  winter.  As  we  have  no  place  (o  store  our  hay  under 
C'jvcr  it  is  stored  in  stacks  and  the  snow  and  wet  interf erred  con- 
siderably with  the  getting  of  a  correct  or  exact  weight  of  the  hay 
fed.  it  is  believed,  however,  that  the  results  given  are  fairly  ac- 
curate and  if  an  error  there  be,  it  is  on  the  side  of  increasing  rather 
than  decreasing  the  cost  of  the  feeding.  The  grains  fed,  except  the 
scn;enings,  were  grown  upon  the  farm  and  were  fed  whole.      The 
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scrc^^iiings  were  purchased  from  a  local  grist  mill,  and  consisted  of 
onsiderable  broken  wheat,  and  weed  seeds  of  very  naany  kinds. 
The  prices  allowed  for  these  feeds  are  the  average  prices  for  the 
Avinter  and  were  as  follows:  Clover  hay,  $5.00  per  ton;  wheat 
screenings,  85c.  per  cwt. ;  wheat,  $1.25  per  cwt. ;  oats,  $1.00  per  cwt. ; 
barley,  $1.00  per  cwt.  The  sheep  were  fed  in  yards  which,  in  one 
end.  liad  a  covered  shelter  and  on  the  other  end  running  water. 
The  sheep,  therefore,  were  at  liberty  to  seek  the  shelter  whenevei 
they  desired  to  do  so,  which  we  found  to  be  very  seldom.  They  also 
had  access  to  water  at  will. 

THE  WEIGHING  OF  THE   SHEEP. 

x-\Il  farm  animals  vary  considerable  in  weight  from  day  to  day 
depending  upon  the  contents  of  the  digestive  organs.  To  avoid 
the  errors  that  might  arise  from  this  variation,  the  animals  were 
weighed  three  days  in  succession  at  the  beginning  of  the  experiment 
and  again  at  the  end.  It  is  usual,  also,  to  weigh  them  once  or  twice 
every  two  weeks  to  note  the  growth  of  the  animals,  so  as  to  keep 
a  careful  check  on  the  results  while  in  progress.  The  weights  in 
til  is  lest  were  taken  right  after  noon,  which  would  be  some  hours 
after  the  morning's  feed. 

PLAN    OF  THE    EXPERIMENT. 

The  purpose  of  the  experiment  was  similar  to  that  of  the  year 
be  lore.  In  addition  to  determining  the  general  facts  in  regard  to 
the  value  of  clover  as  sheep  feed  and  the  gains  that  might  be  made 
upon  our  range  flocks  during  the  feeding  period  in  the  winter,  it 
was  also  desired  to  find  the  feeding  value  of  the  different  kinds  of 
grains  and  mixtures  of  grains  available  to  the  JMontana  farmer. 

The  sheep,  tlierefore,  were  divided  into  ten  lots,  5  lots  of  lambs 
and  5  lots  of  wethers.     There  were  24  sheep  fn  each  lot. 

The  lambs  were  fed  as  follows:  Lot  i,  clover  hay  and  wheat 
screenings  ;lot  2  clover  hay  and  wheat;  lot  3,  clover  hay  and  oats; 
]<;l  4,  clover  hay  and  barley ;  lot  5  clover  hay  and  a  mixture  of 
^^raiiis.  made  up  of  equal  parts  by  weight  of  wheat,  oats  and  bar- 
ley. The  f\y^  lots  of  wethers  were  numbered  correspondingly  and 
fed  the  same  as  the  lambs. 

The  clover  was  fed  ab  libitum ^  our  idea  being  to  feed  what 
the  animals  would  eat  up  fairly  clean.       As  stated  above,  the  first 
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crop  of  hay,  which  made  a  large  portion  of  the  feed  given,  contained 
considerable  stems  and,  as  will  be  noted  in  the  tables  there  was 
some  waste.  We  started  feeding  grain  three  weeks  after  the  be- 
ginning of  the  experiment.  At  first  but  a  small  grain  ration  was 
given,  and  we  had  to  coax  the  sheep  to  eat  it,  first  by  reducing 
sli.qhtly  on  iluir  hay  so  as  to  make  them  a  little  m«»r.i  nuiigr}'',  and 
next  by  salting  the  grain  slightly.  Six  pounds  were  given  to  each 
lot  per  day  at  the  start  and  one  month  was  taken  to  get  the  animals 
to  the  maximum  ration  of  one  pound  per  sheep  per  day.  In  weigh- 
ing up  the  sheep  we  planned  to  divide  the  lots  as  evenly  as  possible, 
both  according  to  weight  and  quality,  so  that  each  might  start  off 
on  as  fair  a  basis  as  possible. 

DISCUSSION    OF  RESULTS. 

WEIGHT  OP   WETTHERS. 

Table  Xo.  i  gives  the  weights  and  gains  of  the  wethers.  It 
will  be  noticed  that  they  were  fed  for  97  days,  this  time  being 
divided  into  three  periods,  first  25,  second  28  and  the  last  44  days. 
This  table  also  shows  the  gain  for  each  lot  per  day  and  of  each 
animal  per  day,  per  week  and  for  the  whole  time  of  the  test. 

Comparing,  first,  by  periods,  it  will  be  noticed  that  the  wethers 
made  the  fastest  gains  during  the  first  and  third  periods,  though 
the  first  may  have  been  somewhat  of  a  ** fill-up."  This  is  shown 
particularly  in  the  average,  which  was  about  .22  lbs.  per  day  for 
each  lamb.  This  result  is  true  of  practically  all  the  lots.  Considering 
next,  the  results  from  the  different  kinds  of  grain,  it  will  be  noticed 
that  on  the  wheat  ration  the  wethers  gained  during  the  97  days  2L33 
pounds  each.  The  next  best  returns  were  from  the  barley  ration, 
upon  which  they  gained  19.87  pounds.  Then  follows  the  oats. 
screenings,  and  the  mixed  grain  last.  This  result  is  somewhat  dif- 
ferent from  tlie  previous  year,  in  which  we  found  the  barley  to  be 
the  best  ration,  followed  by  the  oats,  wheat,  screenings  and  mixed 
pain.  The  only  difference,  however,  when  we  analyze  carefully 
is  the  transposition  of  the  wheat  and  barley.  The  other  results  are 
almost  exactly  the  same  as  reported  in  bulletin  47.  Taking  the 
two  years,  therefore,  together,  it  would  seem  that  the  barley  or 
wheat  proved  the  most  satisfactory  ration  for  feeding  wethers, 
''ouGfh  the  oats  were  verv  close  third. 
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Considering  the  whole  time  of  the  test,  it  will  be  noticed  that 
the  wethers  made  an  average  daily  gain  of  only  .2  of  a  pound. 
This  was  about  .03  of  a  pound  less  than  the  wethers  gained  the 
previous  year.  The  average  total  gain  for  each  wether  was  19.48 
pounds,  or,  in  round  numbers,  19^  pounds,  which  was  three 
pounds  less  than  that  gained  the  year  before, 

AMOUNT    OP   FOOD  ELATEN  BY  WETHERS. 

Table  No.  2  shows  the  total  amount  of  food  eaten,  the  food 
eaten  per  day  and  the  cost  of  each  pound  of  gain.  During  the 
first  period,  when  the  sheep  had  no  grain  whatever,  they  ate  an 
average  of  about  4^  pound  of  hay  per  day.  The  range  was  from 
4.35  to  4.23  pounds  per  day.  When  the  grain  ration  was  added 
the  amount  of  hay  eaten  fell  off  from  a  half  to  three-fourths  of  a 
pound  per  day,  and  on  a  full  grain  ration  they  ate  fully  ^  pound  less 
hay  per  day  than  on  hay  alone,  but  the  total  amount  of  food  eaten  was 
greater  as  they  were  at  that  time  eating  one  pound  of  grain  per 
dav. 

The  average  amount  of  hay  eaten  per  day  for  the  different  lots 
during  the  97  days  was  practically  the  same,  and  for  all  the  lots  the 
average  was  3.81  pounds  per  day.The  wethers  received  no  grain  for 
the  first  25  days  of  the  test  and  for  the  next  28  days  averaged 
nearly  .6  of  a  pound  per  day.  The  last  44  days  of  the  test  they  each 
received  i  pound  of  grain  per  day.  The  average  grain  received  for 
the  97  days  of  the  feeding  was  .625  of  a  pound,  or  a  little  over  ^^ 
pound  per  day. 

THE   FOOD  EATEN   FOR  EACH  POUND  OF  GAIN  BY  WETHERS. 

The  food  eaten  for  each  pound  of  gain,  gives  some  very  in- 
teresting facts.  For  the  first  period  from  18  to  22.7  pounds  of 
clover  hay  were  eaten  for  each  pound  of  gain  made.  For  the  sec- 
ond period,  when  the  grain  ration  was  added,  it  required  from  21 
to  41  pounds  of  hay  in  addition  to  the  grain  to  make  one  pound  gain. 
The  third  period,  however,  this  was  reduced  to  from  13.9  to  18 
pound  of  hay  for  each  pound  of  gain,  in  addition  to  the  grain.  The 
average  for  the  whole  period  showed  that  18.94,  or,  in  round  num- 
bers,  19  pounds  of  hay  and   3.1  t   of  grain  were  required  for  each 
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pound  of  gain.  Comparing  the  different  results  it  will  be  noticed 
that  the  sheep  fed  on  the  wheat  ration  required  the  least  amount 
of  feed  for  each  pound  of  gain,  viz:  17.4  and  2.84  pounds  of  g^ain, 
The  oats  and  barley  rations  are  practically  the  same.  For  the  screen- 
ings ration  19.3  pounds  of  clover  and  3.26  pounds  of  grain  were 
required  for  one  pound  of  gain,  while  for  the  mixed  gjain  ration, 
20.5  pounds  of  clover  and  3.33  pounds  of  grain  were  required, 
making  the  mixed  grain  ration  the  most  expensive.  For  the  third  or 
test  period,  the  wheat  returns  was  the  most  efficient,  requiring  13.9 
lbs,  of  clover  and  3.91  lbs.  of  grain  for  each  lb.  of  gain.  The  screen- 
ings, barley,  oats  and  mixture  followed  in  the  order  named 

COST  OF  FOOD  ElAT  EN  BY  WETHERS.     - 

Because  of  the  variation  in  the  price  of  both  hay  and  grain 
during  different  seasons,  and  more  especially  in  the  different  parts 
of  the  state,  the  money  cost  of  the  gain  is  not  always  a  safe  point 
from  which  the  feeders  in  other  valleys  might  calculate  the  returns. 
In  consideration  of  these  differences  in  price,  the  amount  of  food 
eaten  for  each  pound  of  gain  is  a  much  safer  basis  upon  which  to 
calculate  the  cost  of  the  gain.  From  this  data  each  person  of  every 
district  can  figure  exactly  what  it  will  cost  to  produce  the  gain 
whatever  the  difference  in  price  in  these  diiferent  districts  might  be. 

With  the  prices  given  in  this  bulletin  it  cost  on  the  averag^e 
1.6  Cv-nts  per  ca}  to  feed  each  wether.  The  wheat  ration,  becau.sc 
of  tlie  cost  of  the  grain,  was  the  most  expensive.  For  the  same 
reason  the  mixed  grain  ration  was  next  expensive,  while  the  screen- 
ings ration  was  the  least  expensive.  Considering  the  cost  of  the 
feed  for  97  days  the  average  shows  that  it  cost  close  to  eight  cents 
(7.92)  to  produce  each  pound  of  gain  on  these  wethers.  The 
range  was  from  7.49  for  the  screenings  ration  to  8.73  for  those  fed 
the  mixed  grain  ration.  The  barley,  oats  and  wheat  come  be- 
tween in  the  order  named,  the  wheat  ration  being  the  most  expens- 
ive of  the  three.  For  the  test  period  of  44  days  the  screenings  ration 
produced  a  pound  of  gain  for  the  least  cost,  followed  by  the  barley, 
wheat,  oats  and  mixture  in  order  named. 
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WEIGHT  OF  LAMBS. 

Table  No.  3  gives  the  weight  of  the  lambs  and  the  gains  made 
during  the  time  of  the  test.  When  put  into  the  feeding  lots  the 
lambs  averaged  57.4  pounds  and  at  the  end  of  the  feeding  period 
weighed  an  average  of  80.5  pounds,  a  gain  of  23  pounds  in  the  97 
days.  The  year  before  the  lambs  gained  an  average  of  25  pounds, 
weighing  70  pounds  at  the  beginning  of  the  test.  In  proportion 
to  their  beginning  weight,  therefore,  these  lambs  gained  propor- 
tionally more  than  the  lambs  did  the  year  before.  It  is  well  to 
bear  this  fact  in  mind  when  we  come  to  consider  the  final  results 
with  these  lambs.  The  average  gain  per  day  made  by  each  lamb 
was  .237  pounds.  Considering  the  results  for  the  different  kinds 
of  rations  fed  it  will  be  noticed  that  the  lambs  fed  on  the  screen- 
ings made  the  largest  gains,  namely:  .256  pounds  per  day.  This 
result  coincides  with  previous  tests,  as  recorded  in  Bulletin  47,  and 
in  work  previously  done  by  the  writer  in  Utah.  The  next  largest 
return  was  from  the  oat  ration,  namely:  .246  pound  per  day. 
.  Next  follows  the  barley,  then  the  mixed  grain,  and  lastly  the  wheat 
gives  the  poorest  results.  The  year  before  the  order  was  screenings, 
mixed  grain,  wheat,  barley  and  oats.  There  is  scarcely  enough  dif- 
ference in  any  of  the  results,  however,  to  base  very  marked  con- 
clusions upon,  and  the  test  should  be  repeated  before  we  can  con- 
clusively state  which  of  these  grains  would  be  the  best  except  with 
regards  to  the  screenings,  which,  for  lambs,  seems  to  be  preferable 
to  any  other  grain.  Comparing  the  gains  by  periods  it  will  be 
noticed  that  the  screenings  ration  made  the  most  uniform  gains 
throughout  all  the  periods.  During  the  third  period,  when  the 
maximum  ration  was  fed,  the  lambs  made  the  fastest  gain,  ranging 
from  .257  pounds  to  .307  pounds  per  day.  During  the  third  period 
which  might  be  called  the  true  experimental  period  the  order  of  the 
grains  for  the  different  rations  was  as  follows:  First,  the  screen- 
ings; second,  the  mixed  grain;  third,  the  oats;  fourth,  the  barley, 
and  the  wheat  the  poorest  returns.  This  is  nearer  the  results  of  the 
year  before  than  if  we  consider  the  whole  time  of  the  feeding.  It 
is  too  the  correct  basis  upon  which  to  base  the  relative  value  of  the 
gains  as  a  part  of  the  fattening  ration  for  sheep. 


9€  BULLETIN  NO.  59. 

AMOUNT  OF  FOOD  EATEN  BY  LAMBS. 

Table  No.  4  shows  the  food  eaten  and  the  cost  of  the  food  given 
to  the  lambs.  On  the  average  each  lamb  ate  1.81  pounds  of  hay 
and  .62  pounds  of  grain  per  day.  During  the  first  period,  when  no 
grain  was  fed,  the  amount  of  clover  hay  averaged  close  to  2.5 
pounds  per  day.  When  the  grain  was  added  the  hay  ration  was 
reduced  in  almost  direct  proportion  to  the  amount  of  grain  added, 
and  the  same  thing  is  true  in  the  third  period,  when  the  full  grain 
ration  is  given.  There  is  very  little  difference  between  the  amount 
eaten  by  the  lambs  getting  the  various  kinds  of  grain. 

FOOD  EATEN  FOR  BaCH  POUND  OF  GAIN  BY  LAMBS. 

The  food  eaten  for  each  pound  of  gain  by  the  lambs  averaged 
7.62  pounds  of  hay  and  2.63  pounds  of  grain.  The  range  was  from 
0.91  pounds  of  hay  and  2.44  pounds  of  grain  for  the  lambs  fed  on 
the  screenings  ration  to  8.10  pounds  of  hay  and  2.84  pounds  of 
grain  for  the  lambs  fed  upon  the  wheat  ration.  The  oats,  mixed 
grain  and  barley  follow  in  the  order  nam^d  between  these  two  ex- 
tremes. Considering  the  third  period,  44  days,  when  the  full  grain 
ration  was  fed,  we  find  that  the  wheat  ration  called  for  the  largest 
amount  of  clover  and  grain  for  each  pound  of  gain.  The  barley  was 
the  next  most  expensive  in  feed,  the  oat  ration  third  and  the  mixed 
grain  and  screenings  the  cheapest  ration  a$  regarding  the  amount 
of  feed  required.  When  fed  on  clover  hay  alone,  as  during  the  first 
period,  it  will  be  noticed  that  it  took  from  12  to  nearly  17  pounds 
of  hay  to  make  each  pound  of  gain.  When  the  grain  ration  was 
added  about  35^  pounds  of  grain  displaced  close  to  to  pounds  of 
clover,  as  will  be  noticed  in  the  third  period.  The  difficulty  with 
lambs  which  are  growing  is  to  get  them  to  eat  enough  clover  to 
fatten  in  anything  like  a  reasonable  time.  Therefore,  the  grain 
ration  has  to  be  added.  These  tests  do  not  pretend  to  show  the 
amount  of  grain  that  would  give  the  best  results. 

COST  OF  FOOD  EATEN  BY  LAMBS. 

The  cost  of  food  is  given  so  that  comparisons  can  be  made  on 
this  basis,  but  the  food  cost  mentioned  above  should  be  kept  in  mind. 
The  average  cost  of  feeding  each  Iamb  per  day  for  the  97  days  was 
▼.09  cents.     The  cost  of  each  pound  of  the  gain  was  4.61  cents.     This 
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cost  was  a  little  above  that  of  the  year  before,  which  was  4=49  cents. 
The  grain  during  this  season,  however,  was  more  expensive  than  the 
year  before,  as  will  be  noticed  by  comparing  the  cost  of  the  feed 
given  in  bulletin  47  with  that  reported  in  this  bulletin.  If  we  com- 
pare the  amount  of  food  eaten  for  each  pound  of  gain,  it  will  be 
noticed  that  these  lambs  made  the  more  economical  gains,  requir- 
ing .4  of  a  pound  of  clover  and  .5  of  a  pound  of  grain  less  for  each 
pound  of  gain  than  did  the  lambs  of  the  year  before.  The  screen- 
ings ration  was  the  least  costly,  because  of  the  difference  in  price. 
The  wheat  ration  was  the  most  costly  again  because  of  the  higher 
price  of  this  grain. 

Table  V.    Comparison  of  Results  of  Feeding   Lambs  and  Wethers. 
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COMPARISON  OF  RE3SULTS    WITH  LAMBS  AND  WHTTHBRS. 

Table  No.  5  gives  a  brief  comparison  of  the  results  in  the  feed- 
ing of  the  lambs  and  wethers.  It  will  be  noticed  that  the  amount 
of  grain  eaten  per  day  was  practically  the  same  for  each,  but  the 
wethers  ate  two  pounds  more  of  hay  per  day  than  did  the  lambs. 
Considering  the  amount  of  food  eaten  for  one  pound  of  gain  the 
wethers  ate  11  1-3  pounds  more  clover  than  did  the  lambs  and  nearly 
half  a  pound  of  grain  n>pre  for  each  pound  of  gain  made.  This 
shows  that  the  lambs  were  very  much  more  economical  feeders. 
This  is,  however,  not  the  only  factor  to  be  considered,  as  will  be 
noticed  later.  Considering  the  gain  per  day  the  lambs  gained  .237 
pounds  to  .2  pounds  gained  by  the  wethers,  or,  for  the  total  time 
of  the  test,  97  days,  the  lambs  gained  23.08  and  the  wethers  19.5 
pounds.  The  cost  of  the  food  per  day  at  Bozeman  prices  was  i 
cent  for  each  lamb  and  1.6  cents  for  each  wether,  and  the  cost  of 
each  pound  of  gain  was  4.61  cents  for  the  lambs  and  7.92  cents 
for  the  wethers,  or  3  1-3  cents  more.  The  total  cost  of  the  gain 
put  upon  the  lambs,  during  the  97  days  of  the  test,  was  98  cents, 
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while  the  total  cost  of  the  gain  put  upon  the  wethers  was  $1.54,  a 
difference  of  56  cents  in  favor  of  the  lambs.  When  we  consider  that 
the  lambs  gained  33^  pounds  more  than  the  wethers  this  difference, 
in  cost  is  quite  an  important  one. 

THE    CLOVER   WASTE. 

It  should  'not  be  overlooked,  perhaps,  that  in  extensive  feeding 
there  is  considerable  wast^  on  the  roughage  fed.  As  stated  in  anothei 
place  considerable  of  the  clover  fed  to  these  sheep  was  the  first  crop. 
A  good  deal  of  it  was  the  first  crop  after  seeding  and  contained  a 
large  amount  of  old  stubble.  This  would  tend  to  increase  the 
waste  as  compared  to  feeding  the  clover  from  the  second  year's 
meadow.  The  waste  from  the  wethers  was  close  to  20  per  cent  of 
the  amount  of  hay  given,  and  for  the  lambs  it  was  about  30  per 
cent  of  the  amount  of  hay  given.  It  would  seem  that  practicably 
this  waste  should  be  charged  to  the  sheep.  However,  the  most  of 
this  was  fed  to  cattle  and  horses,  so  that  it  was  not  lost,  but  had 
a  feeding  value  for  other  stock  which  were  being  carried  over  and 
not  fattened.  In  fattening  sheep  and  somewhat  forcing  the  appetite 
there  is  sure  to  be  a  certain  amount  of  waste,  but  where  it  is  used 
for  feeding  cattle  we  have  not  felt  that  it  was  necessary  to  charge 
this  waste  against  the  sheep.  However,  those  who  desire  to  do  so 
can  increase  the  cost  of  the  hay  by  the  figures  given. 

■ 

FINANCIAL    RESULTS  WITH    WETHERS. 

Table  No.  6  gives  a  summary  of  the  financial  results  in  feeding 
wethers.  This  table  shows  the  essential  facts  given  in  the  previous 
tables,  but  arranged  in  a  different  way.  This  table  will  repay  care- 
ful study.  It  will  be  noticed  that  the  wethers  cost  234  cents  per 
pound  when  purchased,  or  put  into  the  feed  lots.  If  sold  at  4  cents 
per  pound,  which  was  about  the  price  paid  in  Bozeman,  they  would 
return  a  profit  on  the  feeding  of  $158.73,  or  a  profit  on  each  w^ether 
of  $1.32.  The  cost  of  the  120  wethers  was  $323.75.  The  cost  of 
the  feed  at  the  price  given  was  $185.28,  which  made  a  total  cost  of 
the  fattened  wethers  of  $509.03.  The  price  received  for  the 
wethers  at  4  cents  per  pound  would  be  $667.6,  /the  diflference 
as  given  above  represents  the  profit  on  the  feed  and  pay  for  the 
labor.     The  largest  amount  of  profit  on   each  wetHer  was  on   the 
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lot  fed  on  the  screenings — $1.42  each.     The  lot  fed  on  oats  returned 
a  profit  of  $1.33,  and  that  on  barley  $1.32;  the  lot  fed  on  wheat 
$1 .27  and  of  mixed  grain  $1 .26  for  each  wether. 


CO 

o 


< 


Total  and  aver- 
age. 


Lot  V. 


Lot  IV 


Lot  in. 


Lot   II. 


Lot  L 


Gi 


OfHU300eO'^<000''.OCOC400CDiaC^kOOt«-CO'^C<l 

4  CO      ...  <o  CO      ....  00  00  

-^t*  00  10  OS  ?0  C^  CS  t-  00  r-»  Ui  -««<  W  r-»  rH  oj  03  iH 

1HO30OO1H        rHCDkO         iH  COCO        OSOOO 

00  r-IIO                      «0  iH  00  r-»         «0  kO  rH 


•^ooo^'^»fit^?co<oc© 
e<i«oc«C40»oeo^c^esic<) 

00   •   •   •  CO  ^ 
Oa -^  l>  iH  CO    00  C^  O  T-» 
CO  CO  O       rH  Cd  CO 


■^Ot^COOt^l>t«-OOOOC<l 

c^-^ooocsiHt-ooeot-co 
00  ...  CO  Tt^  .... 
09^(0  0  00    OS  C9  iH  tH 
CO  CO  O       tH  CO  CO 


^oo<::>cocooeQ?DOt^co 
csi<ot«oou9^t<-«e<ooco 

OQ         •         •         •    (V)   ^4         •         •         •         ■ 

C^'*«Oi-'CO         OiCOeir-l 
CO  CO  O  iH  CO  CO 


■^lOiHOtHt^-CMCOOOt^t^ 
CoiOSCOUdOOOr-ieoev3-^04 

QQ       •        •        •   4^^   IQ        •        •        •        • 

C4  ud  o  ud  CO      th  <e  o  1-1 

0-^0  C4  CO  CO 


^Ol-*OOkOU3kO-^OU3e^l 

C«9000SOOOOC<|-^iaOr-i-<«< 

00      •      •      •  (v^  ^1      •      •      •      • 

N-^eooco      oc'co-^rH 
<e  CO  0>  f-^  CO  CO 


OQ 


o 


2  fl 
^  a 


OQ    CO    S  U3 


-a 


CD 

•M  O 

«-i  OQ 

O  o 


ao  -O 


« 


o 


O  0 


09 


§  «  13 


Li.         Ih 


I 


0 
o 

•^    QQ 


Eft 

*.  c; 


bo 
2  fl 


1^ 

.5 

bfig 


^ 


Z5  "S  ♦J  *  V 


0) 

a 
o 

d 
o 


o  o 


^  d      ♦S 

>  bO  00  b 

4J  ^  d  « 
So  g  > 


bO       -"•  % 


"•s  o 
oir  09 


0^ 


.d 


to    CiQ    E    ^ 


•*  bfibfi 
S°  d  d 

^  .rj  fH 


00® 


d  d 

o  ■♦-»  ♦J 
•M  <d  <d 
900 

p  u  u 

OpLHpk 


100  BULLETIN  NO.  59, 

THE   SHIPPING  EXPERIENCE. 

The  second  part  of  this  iable  gives  some  data  in  regard  to  the 
results  from  shipping  the  sheep  to  Chicago.  Comparing  the 
weights  at  the  close  of  the  test  with  the  weights  in  Chicago,  we  find 
that  the  wethers  lost  806  pounds  in  shipping.  This  was  5  per  cent, 
which  was  considerably  below  the  losses  reported"  on  the  lot 
shipped  the  year  before,  which  was  7  per  cent.  These  wethers  sold 
for  5J4  cents  per  pound,  which  gave  a  gross  return  of  $834. 12,  The 
total  cost  of  shipping,  with  commission,  was  $132.45.  The  lambs 
and  wethers,  of  course,  were  shipped  together,  but  the  charges 
were  made  in  proportion  to  the  weight  of  the  animals  shipped.  The 
cost  of  shipping  one  wether  was,  therefore,  $1.10.  The  net  returns 
for  the  wethers,  after  deducting  the  cost  of  shipping,  was  $691.67, 
which  left  a  profit  on  the  feeding  of  $182.64,  or  $1.52  for  each 
wether.  This  shows  a  return  of  20  cents  more  per  wether  than 
would  have  been  obtained  by  selling  the  wethers  at  home. 

THE   FINANCIAL   RESULT  WITH  LAMBS. 

Table  No.  7  gives  a  summary  of  the  financial  result  with  the 
lambs.  The  lambs  cost  3.32  cents  per  pound,  which  was  a  little 
more  than  i  cent  per  pound  more  than  was  paid  for  the  wethers. 
The  lambs  were  not  in  as  good  flesh  as  the  wethers,  and  so  were 
not  reckoned  as  worth  any  more  per  pound  at  Bozeman.  Selling 
at  4  cents  we  get  a  return  of  $386.56.  The  120  lambs  cost  $229.30 
and  the  feed  cost  $128.07,  thus  making  the  total  cost  of  the  fattened 
lambs,  $357.37,  which,  compared  with  the  returns  at  4  cents  per 
pound,  gave  a  profit  of  $29.19,  or  24.5  cents  for  each  lamb.  This 
is  a  very  small  profit  and  probably  no  more  than  paid  for  the  labor 
in  looking  after  the  animals.  By  comparing  the  diflFerent  lots  we 
find  that  the  lambs  fed  the  screenings  returned  a  profit  of  44  cents 
each,while  those  fed  on  the  wheat  ration  returned  but  5  cents  profit 
each.      The  other  results  are  between  those. 

THE    SHIPPING  EXPERIENCE. 

Considering  next  the  shipping  experience  we  find  that  the 
lambs,  during  the  time  of  shipping  to  Chicago,  lost  438  pounds,  or 
4.6  per  cent  of  their  Bozeman  weight.  This  was  again  lower  than 
the  year  before  by  about  3  per  cent.  This  shows  a  very  small 
shrinkage  from  both  the  lambs  and  the  wethers.  The  lambs  sold 
in  Chicago  at  $5.15  per  hundred,  which,  it  will  be  noticed,  was  10 
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cents  per  hundred  less  than  was  obtained  for  the  wethers.  The 
gross  return,  therefore,  was  $471.01.  The  cost  of  shipping,  with 
commission,  was  $88.15,  or  73J/2  cents  each,  which  was  about  the 
same  as  for  the  previous  year.  The  net  return  for  the  lambs,  there- 
fore, was  $382.86,  which  gave  a  profit  of  $25.49,  or  21  cents  profit 
on  each  lamb  .  This  brings  us  to  consider  a  very  interesting  ques- 
tion, namely:  Why  the  lambs,  which  were  the  most  economical 
feeders,  returned-  the  least  profit  on  the  feeding.  In  the  previous 
year's  test  the  wethers  had  sold  in  Chicago  for  $6.00  per  hundred 
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and  the  lambs  for  $7.25  per  hundred  pounds,  a  difference  of  $1.25 
per  hundred  pounds  in  favor  of  the  lambs.  This  is  the  usual  diflfer- 
ence  when  both  are  equally  fat  and  ready  for  the  market.  It  will 
be  noticed,  also,  by  comparing  the  price  paid  for  the  lambs,  both 
in  the  year  1902  and  1903,  as  well  as  in  the  test  here  reported,  that 
the  lambs  cost  more  per  pound  than  the  wethers.  The  difference  is 
greater  for  this  year  than  for  the  previous  year,  when  it  was  but 
25  cents  per  hundred  pounds,  whereas  this  year  it  was  a  little  over 
one  cent  per  pound  different.  The  lambs  fed  in  this  experiment 
gained  as  much  in  proportion  to  their  beginning  weight  as  those  of 
the  year  before.  They  were,  therefore,  just  as  economical  feeders. 
They  also  made  gains  much  more  economically  than  did  the  wethers 
and  yet  the  financial  result  shows  a  decided  profit  for  the  wethers 
and  practically  none  for  the  lambs,  beyond  the  labor  cost  of  feed- 
ing. To  get  a  full  explanation  why  there  was  this  difference  I 
wrote  to  Clay,  Robinson  &  Company,  the  commission  company 
who  sold  the  lambs  both  years,  as  to  the  reason  for  the  difference 
noted.  I  give  herewith  this  letter  from  the  company,  which,  in  a 
measure,  explains  the  reason  for  the  difference: 
MR.  F.  B.  LINFIELD, 

Montana  Experiment  Station,  Bozeman,  Montana  . 

Dear  Sir:  We  are  in  receipt  of  your  letter  of  iSthand  note 
what  you  say  regarding  the  deck  of  lambs  you  had  here  a  short  time 
ago. 

In  reply  will  say  that  in  the  first  place  they  were  not  heavy 

enough  to  command  the  top  price,  and,  in  the  second  place,  they 
were  far  from  being  finished. 

If  you  were  here  and  saw  the  condition  good  Colorado  lambs 
were  in  you  would  readily  agree  with  us  that  your  lambs  are  not  to 
he  compared  with  them.  We  also  note  you  were  somewhat  sur- 
prised that  your  wethers  sold  higher  than  your  lambs.  These 
wethers,  the  day  they  were  here,  sold  fully  25c  above  the  market. 
There  was  an  exporter  here  who  simply  had  to  have  these  sheep, 
no  matter  what  they  cost,  and,  knowing  this,  we  took  advantage 
of  it.  In  fact  $5.00  would  have  been  a  good  strong  price  for  these 
wethers  the  day  they  were  here. 

We  candidly  believe  that  you  folks  could  do  better  with  aged* 
wethers  out  there  than  with  lambs.      We  do  not  believe  you  can 
fatten  your  lambs  and  get  them  in  condition  to  self  at  the  top  of  the 
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market,  unless  you  happened  to  strike  a  market  when  everybody 
was  crazy  for  lambs,  same  as  you  struck  last  year.  The  writer 
remembers  distinctly  the  day  your  lambs  were  here.  Every  buyer 
was  out  hunting  lambs,  and  on  a  market  of  that  kind  we  can  come 
nearer  getting  the  top  than  on  a  market  where  there  are  plenty  of 
good  lambs  to  select  from,  same  as  we  have  had  here  the  last  six 
weeks  or  two  months. 

Yours  truly, 

Clay  Robinson  &  Co. 
Note — The  underlining  is  mine. — F.  B.  L. 

It  would  seem,  therefore,  that  the  real  trouble  with  these 
lambs  was  that  they  were  not  fat  enough,  and  to  get  the  top  prices 
they  must  be  fat.  As  these  lambs  gained  as  much  as  those  did  the 
year  before  and  were  fed  the  same  rations  and  the  same  length  of 
time  then  it  would  seem  that  the  trouble  was  not  in  the  method  of 
feeding,  but  rather  the  lambs  were  too  small  to  begin  with  and  the 
time  allowed  was  not  sufficient  to  get  these  lambs  to  the  weight  and 
condition  which  would  enable  them  to  command  the  top  price.  It 
has  been  noticed  by  observing  the  market  that  the  lambs  which 
come  nearest  to  supplying  the  demand  range  from  85  to  95  pounds 
in  Chicago.  This  would  mean  a  lamb  which  would  weigh  some- 
thing like  95  to  100  pounds  in  Montana.  These  lambs  were  13 
pounds  lighter  than  those  fed  the  year  before.  To  bring  them  up 
this  much  in  weight  at  shipping  time  would  mean  that  they  should 
be  fed  for  between  50  and  60  days  longer.  This  would  seem  to  in- 
dicate that  we  have  to  feed  larger  lambs  or  el&e  feed  them  for  a 
longer  time  if  we  are  to  command'  the  best  or  top  price.  In  com- 
parison with  the  wethers  the  lambs  grow  considerable  in  addition  to 
the  fattening  and  so  make  use  of  a  larger  amount  of  the  feed  given 
them  but  in  proportion  do  not  put  on  as  much  fat  as  do  the  wethers. 
These  latter  having  had  their  growth  turn  most  of  the  feed  into 
fat  and  so  get  into  condition  for  the  market  in  a  shorter  time  than 
do  the  lambs.  Again  the  wethers  are  stronger  and  can  keep  in  better 
condition,  upon  the  range  than  can  the  lambs  and^  so  usually  come 
into  the  feeding  lots  in  better  condition  in  the  fall.  Much  better  re- 
sults would  be  obtained  with  the  lambs  if  they  were  gotten  upon 
the  farm  early  in  the  season  and  had  from  6  weeks  to  two  .rnon):hs 
on  the  meadow  before  being  put  upon  the  winter  ration  for  fatten- 
ing. 
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SHEEP  FEEDING  TEST  FOR  WINTER  1904-5. 


INTRODUCTION. 


During  the  winter  of  1904-5  there  was  fed  at  the  Experiment 
Station  three  lots  of  sheep.'  First,  we  purchased  100  two-year-old 
wethers.  These  sheep  were  grade  Merinos  with  considerable  of 
mutton  blood,  particularly  the  Cotswold,  in  their  make-up.  These 
sheep  were  purchased  from  Mr.  John  M.  Robinson,  of  Bozeman,  out 
of  a  lot  of  about  900  obtained  near  Twin  Bridges.  They  -were  a 
fairly  good  grade  of  sheep,  but  were  rather  light.  They  averaged 
no  pounds  when  weighed  at  the  college  farm  at  delivery,  which  is 
the  lightest  wethers  we  have  fed  for  the  past  three  years  They  cost 
laid  down,  $3.25  each,  which  at  the  weights  given,  made  them  cost 
3  cents  per  pound  live  weight.  The  wethers  were  put  in  pens  and 
'fed  hay  as  soon  as  they  arrived  on  the  farm,  which  was  on  Nov.  6, 
1904.  No  weights  of  the  feed  were  kept  until  Nov.  28,  when  the 
experiment  started.  At  this  time  the  wethers  weighed  115  pounds, 
having  gained  5  pounds  in  about  20  days. 

The  second  lot  of  sheep  handled  were  64  head,  the  remaindei 
of  a  lot  which  our  chemist  had  been  working  with,  during  the  sum- 
mer, on  the  range  near  Big  Timber,  testing,  in  co-operation  with  the 
Department  of  Agriculture,  some  problems  in  relation  to  the  effect 
of  loco  weed  upon  the  sheep.  They  were  a  good  band  of  sheep, 
but  some  of  them  had  lost  weight  during  the  summer.  They  weigh- 
ed on  the  average  83  pounds  at  the  beginning  of  the  test.  They 
were  a  mixed  lot  of  ewes,  wethers  and  lambs.  These  we  have 
designated  as  the  "poison-plant"  sheep  to  distinguish  them  from  the 
other  lots. 

The  third  lot  of  sheep  consisted  at  the  beginning  of  42  head, 
but  later  were  reduced,  through  killing  for  post-mortem  purposes 
and  some  that  died,  to  29  head.  These  animals  were  very  badly 
"locoed",  as  the  symptoms  for  this  trouble  are  usually  described.  The 
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animals  were  scarcely  strong  enough  to  drive  from  the  railroad 
station  to  the  college  farm.  They  weighed  an  average  of  42J4 
pounds  each  and  were  a  mixed  lot  of  ewes  and  lambs,  with  Merino 
blood  predominating.  These  were  designated  as  the  "locoed"  sheep. 
These  latter  two  lots  were  fed  in  co-operation  with  the  chemical  de- 
partment and  in  a  bulletin,  soon  to  be  issued  from  that  department, 
full  details  in  regard  to  the  study  of  the  individual  sheep  and  the 
treatment  and  deductions  drawn  from  the  experiment  during  the 
summer  and  winter  will  be  given.  Our  plan  was  to  find  out  what 
results  could  be  obtained  from  feeding  this  class  of  sheep  as  com- 
pared to  a  fairly  good  class  of  wethers,  using  these  latter  as  a  basis 
for  comparison. 

PLAN    OF    THE  EXPERIMENT. 

The  three  kinds  of  sheep  were  divided  into  two  lots  each.  The 
"poison  plant"  sheep  contained  32  in  each  lot.  In  lot  one  was 
the  stronger  and  heavier  sheep  and  in  lot  two  the  lighter  and  pre- 
sumably weaker  sheep.  Lot  one  received  clover  hay  and  one 
pound  of  grain  per  day  as  a  maximum  grain  ration.  Lot  two  re- 
ceived clover  hay,  i  pound  of  grain  per  day  and  Yz  pound  of  roots 
per  day  as  a  maximum  ration.  The  "locoed  sheep"  were  also  di- 
vided into  two  lots.  The  first  called,  lot  3,  was  made  up  of  the 
stronger  sheep,  and  the  second,  called  lot  2,  was  made  up  of  the 
lighter  and  weaker  sheep,  our  plan  being  to  feed  those  sheep  so  as 
to  encourage,  if  possible,  the  lighter  sheep,  through  our  method  of 
feeding.  Lot  3  received  clover  hay,  i  pound  of  screenings  a  day 
and  J4  pound  of  roots  as  a  maximum  ration.  Lot  4  received  the 
same  ration  except  that  mixed  grain  was  substituted  in  place  of  the 
screenings.  The  grain  for  both  the  *'poison-plant"  and  "locoed"  sheep 
was  crushed  coarsely.  The  100  wethers  were  also  divided  into 
two  lots,  50  in  a  lot,  and  they  were  divided  as  nearly  equal  as  pos- 
sible, considering  the  weight  and  qtiality  of  the  sheep.  The  first, 
known  as  lot  5,  received  clover  hay  and  i}/  pound  of  grain  per  day 
and  the  2d,  known  as  lot  6,  received  clover  hay  and  i  lb.  of  grain  a  day 
Our  purpose  in  this  was  to  get  a  comparative  test  of  the  eflfect  of 
the  lighter  or  heavier  grain  ration.  For  these  sheep  the  grain  was 
fed  whole.  The  grain  fed  consisted  in  every  case  of  a  mixture  of 
Yi  barley,  J4  c>ats  and  J4  bran,  by  weight.     The  clover  hay  was  a 
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mixture  of  first  and  second  crop  red  and  alsike  clover.     The  roots 
fed  were  mainly  sugar  beets,  with  occasionally  some  mangolds. 

The  animals  were  fed  all  the  hay  they  would  eat,  which  was 
given  them  twice  a  day.  For  the  first  five  days  of  the  test  hay  alone 
was  fed,  and  then  the  grain  was  started,  giving  1-5  of  a  pound  of 
grain  to  each  sheep.  This  was  gradually  increased  until  the  full 
amount  specified  was  given.  At  the  beginning  the  grain  was  given 
but  once  a  day,  but  as  the  amount  was  increased  it  was  given  twice 
a  day.  The  roots  were  given  at  the  same  time  as  the  grain.  At 
first  the  sheep  did  not  take  readily  to  the  roots.  Later  we  changed 
ifrom  sliced  to  pulp  roots  and  the  sheep  ate  the  ration  very  much 
better.  Fresh  water  was  running  through  the  yards  at  all  times 
so  that  the  sheep  had  ready  access  to  a  water  supply. 

WEIGHING  THE    SHEEP. 

The  sheep  were  weighed  as  in  previous  tests,  each  lot  being 
weighed  three  days  in  succession  at  the  beginning  of  the  experiment 
and  again  when  on  full  feed  and  once  in  two  weeks  thereafter  tilt 
the  close  of  the  test,  when  they  were  again  weighed  three  days  in 
succession.  They  were  weighed  on  Monday,  as  soon  as  possible 
after  noon.  It  will  be  noted,  therefore,  that  the  weights  given  at 
the  beginning  and  end  of  the  test  are  not  a  single  day  weighing  but 
the  average  of  three  days  weighing  in  succession,  which  should  give 
very  close  to  a  correct  average. 

VALUE   OF  THE  FOOD. 

The  values  estimated  for  the  hay  and  grain  fed  are  given  so  as 
to  afford  a  basis  of  comparison  with  others,  whose  prices  may  be 
more  or  less  different.  The  prices  are  as  follows :  Clover  hay,  $5.00 
per  ton;  barley,  $1.00  per  hundred  pounds;  oats,  $1.00  per  hundred 
pounds;  bran,  95c.  per  hundred  pounds;  and  roots,  $4.00  per  ton. 

As  the  studies  of  the  chemical  department  had  shown  that  many 
of  these  sheep  were  probably  affected  with  internal  parasites,  all 
of  the  "poison  plant"  and  "locoed"  sheep  were  treated  with  vermi- 
fuges. A  full  account  of  the  methods  and  results  on  this  point,  wilt 
be  discussed  in  a  later  bulletin  by  that  department. 
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DISCUSSION    OF    RESULTS. 
WEIGHTS   AND   GAINS  OF  SHEJEP. 

Table  No.  i  gives  the  weights  and  gains  of  the  sheep  feed  in 
this  test.  It  will  be  noticed  that  these  different  lots  vary  in  the 
number  of  sheep  in  each,  and  so  comparisons  will  have  to  be  based 
on  the  daily  gain  and  the  average  gain  for  each  animal.  On  the 
average  it  will  be  noticed  that  the  wethers  gained  .205  pounds  per 
day  for  the  sixty-five  days  of  the  test.  Compared  with  the  year 
before  this  is  a  very  slightly  larger  daily  gain.  Each  wether  of 
lot  5  gained  13.54  pounds  and  each  one  of  lot  6  gained  13.18  pounds. 
The  wethers  weighed  an  average  of  115  pounds  at  the  beginning 
of  the  test  and  I28j/^  pounds  at  the  close,  and  thus  gained  on  the 
average  13.36  pounds.  Strange  to  say  the  ration  of  J4  pound  of 
grain  per  day  gave  a  little  the  larger  gain.  At  present  I  can  offer 
no  explanations  of  this  rather  unexpected  result.  Further  tests  will 
have  to  be  made  before  drawing  any  definite  conclusions.  If  later 
tests  should  bear  out  this- result  it  would  have  a  very  important 
bearing  upon  the  practice  of  feeding  in  this  state.  It  will  be  noticed 
that  during  the  second  period,  when  the  sheep  were  on  a*  full  grain 
ration,  they  gained  nearly  i-io  of  a  pound  more  per  day  than  during 
the  first  period,  when  the  smaller  grain  ration  was  fed.  However, 
even  for  this  period  the  sheep  fed  the  small  grain  ration  made  the 
larger  daily  gains.  Lot  i  and  2,  the  "poison  plant"  sheep,  were 
classified,  as  stated  above,  according  to  the  grade  of  the  sheep,  the 
lighter  sheep  being  put  into  one  lot  and  the  larger  and  heavier  in 
the  other.  There  was  a  difference  of  460  pounds  between  the  two 
lots.  In  the  65  days  lot  i,  the  stronger  sheep,  gained  405  pounds, 
and  lot  2,  the  weaker  sheep,  gained  427  pounds,  or  22  per  cent 
more  than  the  heavier  sheep.  The  average  daily  gain  per  sheep 
was  about  .2  of  a  pound,  and  the  average  gain  per  sheep  for  the 
65  days  was  13  pounds.  This,  it  will  be  noted,  is  but  very  little 
less  on  the  average  than  the  gains  made  by  the  wethers  in  the  same 
time.  In  this  test  the  addition  of  roots  to  the  ration  of  the  lighter 
sheep  seemed  to  have  helped  them  to  make  considerably  better  gains. 
It  will  also  be  noticed  that  during  the  second  period,  when  the  full 
grain  ration  was  given,  better  gains  were  made  than  during 
the  first  period. 

Considering,  next,  the  third  group,  the  "locoed"  sheep,  we  find 
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that  there  was  a  difference  of  ii8  pounds  between  the  two  lots. 
The  lighter  sheep,  in  lot  4,  weighed  579  pounds  and  the  heavief 
sheep,  in  lot  3,  weighed  697  pounds.  In  65  days  lot  3,  the  heavier 
sheep  gained  but  .193  pounds  per  day,  but  lot  4,  the  lighter  sheep, 
gained  3  lbs.  per  day,  or  more  than  1-3  greater  gain.  The  total  gain 
was  188  pounds  for  lot  3  in  65  days  and  273  pounds  for  lot  4,  a  dif- 
ference of  85  pounds.  Each  sheep  of  lot  3  gained  I2j4  pounds  and 
of  lot  4  gained  19^  lbs.,  or  6  lbs.  more.  The  only  difference  in  the 
ration  was  that  lot  3  received  screenings.  Both  got  the  same  kind 
and  amount  of  roots. 

The  average  gain  for  those  "locoed"  sheep  was  16  pounds  each 
for  the  65  days. 

This  was  considerably  more  than  the  gain  made  by  the  "poison 
plant"  sheep,  and  2.3  pounds  more  than  the  average  gained  by  the 
wethers  in  the  same  time.  The  test  would  seem  to  show  that  the 
so-called  "locoed"  sheep,  if  properly  treated,  will  gain  as  rapidly  as 
other  sheep.  This  is  not  the  whole  story,  however,.  They  gained 
more,  yet  they  were  so  thin  to  begin  with,  only  42J4  pounds  each, 
that  the  16  pounds  of  gain  only  made  them  weigh  58^^  pounds.  They 
were  thus  too  light  and  too  poor  to  go  into  the  market  wherf  the 
ather  sheep  were  shipped. 

These  two  lots  (3  and  4)  were  therefore  fed  for  another  58  days. 
During  this  time  they  each  gained  .213  pounds  per  day  or  12.3 
pounds  for  the  58  days.  During  this  time  they  were  fed  the  same  as 
before,  namely:  clover,  grain  and  roots.  This  gain  was  greater 
than  the  average  gain  of  wethers  or  "poison  plant"  sheep  'for  the 
first  65  days  of  the  feeding  test. 

Considering  the  123  days  during  which  the  locoed  sheep  were 
fed  they  made  a  gain  of  .229  pounds  per  day  and  added  28.2  pounds 
to  the  42. 5. pounds  original  weight.  These  gains  also  compare  very 
favorably  with  the  gains  made  by  the  sheep  the  two  previous  years, 
as  recorded  in  bulletin  47,  and  in  the  first  part  of  this  bulletin. 
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AMOUNT  AND  COST  OF  FOOD  EATEN  BY  SHEEP. 

Table  No.  2  gives  the  amount  and  cost  of  the  food  eaten  by 
the  sheep  in  the  experiment  during  the  winter  1904-5.  The  wethers 
in  lot  5  received  one-half  of  a  pound  of  grain  per  day  as  a  maximum 
ration,  while  lot  6  received  one  pound  per  day  as  a  maximum.  How- 
ever the  two  lots  were  started  with  the  same  amount  of  grain  and 
this  amount  was  gradually  increased,  at  the  same  proportion 
for  each,  from  1-5  of  a  pound  per  day  to  one  half  of  a  pound  for  lot 
5  and  to  I  pound  for  lot  6.  The  result  was  that  lot  6  ate  492  pounds 
of  grain  more  than  lot  5.  It  will  also  be  noticed  that  lot  5  ate  454 
pounds  of  hay  more  than  did  lot  6.  The  difference  in  the  h^y  eaten, 
however,  is  greater  in  the  first  period  than  in  the  second  period, 
when  there  was  a  maximum  difference  in  the  grain.  On  the  aver- 
age for  65  days  lot  5,  with  a  light  grain  ration,  required  18.4 
pounds  of  clover  and  1.81  pounds  of  grain  for  each  pound  ot  m- 
crease  in  live  weight,  while  lot  6,  with  a  heavier  grain  ration,  re- 
quired 18.21  pounds  of  clover  and  2.61  pounds  of  grain  for  each 
pound  of  gain.  This  shows  a  saving  of  .8  pound  of  grain  by  feed- 
ing the  light  grain  ration.  Considering  the  cost  of  the  gain  at  the 
prices  of  feed  given  the  light  grain  ration  saved  .8  cents  for  each 
pound  of  gain  made.  This  is  certainly  a  very  interesting  result, 
but  as  this  is  the  first  test  we  have  made  upon  this  point  it  would 
be  wise  to  withhold  any  definite  conclusions  until  the  test  has  been 
repeated. 

Considering,  next,  the  ''poison  plant"  sheep,  we  find  that  lot  i, 
the  heavier  and  stronger  sheep,  ate  much  more  hay,  namely,  1,438 
pounds,  than  lot  2  during  the  first  period.  The  weaker  lot  did  not 
clean  up  their  hay  and  there  was  thus  a  large  amount  of  waste.  For 
the  second  period  the  difference  is  less.  To  compensate  for  1,628 
pounds  less  of  hay  eaten  by  lot  2  during  the  65  days  they  had  848 
pounds  of  roots.  Both  lots  ate  the  same  amount  of  grain.  Lot  I 
ate  an  average  of  2.85  pounds  of  hay  and  .68  pounds  of  grain  per 
day,  which  was  i  pound  less  hay  than  eaten  by  the  wethers.  Lot  2 
ate  2.07  pounds  of  hay  per  day  and  .68  pounds  of  grain.  Consider- 
ing the  food  eaten  for  each  pound  of  gain  we  find  that  lot  i  required 
14.66  pounds  of  hay  and  3.49  pounds  of  grain  for  each  pound  of 
increase  in  live  weight,  while  lot  2,  the  weaker  sheep,  required  but 
10.09  pounds  of  clover  and  3.31  pounds  of  grain  for  each  pound  of 
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increase  in  live  weight.  They  ate,  however,  1.98  or  nearly  2 
pounds  of  reots.  Thus  it  would  appear  that  this  small  amount  of 
roots  made  a  saving  of  about  4j^  pounds  of  hay.  Compared  with 
the  wethers  which  had  the  full  grain  ration,  lot  i,  the  stronger 
sheep  cost  7.3  cents  for  each  pound  of  gain,  which  was  exactl)^  the 
cost  for  each  pound  of  gain  for  the  wethers  fed  the  maximum  grain 
ration.  Lot  2,  the  lighter  sheep,  which  had  the  most  roots,  cost  but 
6.4  cents  for  each  pound  of  gain,  which  was  practically  the  same  as 
the  wethers  fed  the  lighter  grain  ration.  Coming,  next,  to  the 
"locoed"  sheep  we  have  to  consider  that  we  are  dealing  with  small 
animals,  weighing  only  about  one-half  as  much  as  those  in  the  "poi- 
son-plai^t"  lot  or  only  about  one-third  the  weight  at  the  beginning 
of  the  test.  These  small  sheep  would  naturally  be  small  feeders. 
They  ate  an  average  of  1.36  lbs.  of  hay  per  day,  which  was  2  pounds 
less  than  the  wethers  ate  and  i  pound  less  than  the  ''poison  plant" 
sheep  ate.  They  ate  slightly  more  grain  per  day  and  about  .6  of  a 
pound  of  roots. 

FOOD  EATEN  FOR  EACH  POUND  GAIN. 

Considering,  next,  the  food  eaten  for  each  pound  of  gain  it  will 
be  noticed  that  lot  3,  the  heavier  sheep,  ate  6.8  pounds  of  hay,  3.92 
pounds  of  grain  and  2.93  pounds  of  roots  for  each  pound  of  gain, 
while  the  lighter  sheep  required  but  4.72  pounds  of  hay,  2.69  pounds 
of  grain  and  2.02  pounds  of  roots  for  each  pound  of  gain.  This 
shows  a  saving  of  2.08  pounds  of  hay,  .2  pounds  of  grain  and  .9 
pounds  of  roots,  as  compared  with  the  ''poison  plant"  sheep  and  the 
wethers.  It  will  be  noticed  that  the  "locoed  sheep  required  very 
much  less  hay  for  each  pound  of  gain  than  did  the  wethers,  but  on  the 
average  they  required  slightly  more  grain.  Considering  the  prices 
of  the  feed,  the  lightest  lot  (4)  of  the  '^locoed"  sheep  made  the  cheap- 
est gains,  namely,  4.4  cents  for  each  pound  of  gain.  Lot  3,  the 
heavier  sheep,  cost  6.2  cents  for  each  pound  of  gain,  which  was  about 
the  same  as  the  cost  on  the  light  weight  "poison  plant"  sheep.  Each 
pound  of  gain  put  upon  the  wether  or  "poison  plant"  sheep  cost  6.9 
cents,  while  for  the  "locoed"  sheep  this  cost  was  5.3  cents,  or  1.6  cents 
less,  which  seems  to  show  that  the  locoed  sheep  will  gain  as  econo- 
mically as  the  stronger  and  better  sheep  if  properly  fed  and  treated. 


SHEEP  FEEDING.  118 

SECOND   PART   OF   EXPERIMENT   WITH    LOCOED    SHEEP. 

Considering,  next,  the  continuation  of  the  experiment  with 
locoed  sheep;  as  noted  above  they  were  not  ready  for  the  market 
and  were  thus  fed  for  58  days  longer.  They  received  practically 
the  same  amount  of  feed  as  for  the  second  period  of  the  first  part 
of  the  test,  though  the  hay  during  this  time  was  not  weighed.  Dur- 
ing this  period  of  58  days  it  required  6.37  pounds  of  hay,  3.64  pounds 
of  grain  and  2.75  pounds  of  roots  for  each  pound  of  gain.  Each 
pound  of  gain  cost  5.7  cents,  which  was  practically  the  same  as  for 
the, first  65  days  of  the  test.  For  the  123  days,  during  which  these 
sheep  were  fed,  it  required  5.92  pounds  of  hay,  3,40  pounds  of  gjain 
and  2.^55  pounds  of  roots  to  produce  each  pound  of  gain  put  upon 
the  sheep.  The  average  cost  of  this  gain  was  practically  the  same 
as  for  the  previous  part  of  the  test. 

The  results  which  were  obtamed  with  these  "locoed"  sheep  were 
a  surprise  to.  the  writer,  as  they  probably  will  be  to  many  other  feed- 
ers, and  the  question  arises,  why  this  difference  in  the  experience 
noted?"  I  will  not  enter  into  any  discussion  as  to  what  is  the 
cause  of  "loco"  in  sheep  as  this  matter  will  be  fully  discussed  by  Prof. 
Chesnut  in  a  bulletin  soon  to  be  issued.  It  has  been  noted  above, 
however,  that  practically  all  of  those  "locoed"  sheep  were  more  or 
less  affected  with  internal  parasites,  and  even  if  there  were  no  other 
cause,  these  parasites,  together  with  hard  fare  on  the  range,  and  es- 
pecially so  with  lambs,  would  give  us  a  starved  and  very  thm  animal. . 
Even  on  very  good  feed  I  have  known  animals  to  pine  and  die  when 
affected  with  internal  parasites  of  various  kinds.  How  much  worse 
the  condition  of  those  animals  with  the  range  feed  as  it  frequently 
is?  Attention  has  been  called  to  the  fact  that  these  sheep  were 
treated  with  vermifuges.  These,  of  necessity,  have  to  be  strong  medi- 
cins,  and,  as  was  stated  before,  the  "locoed"  sheep  were  very  week. 
Some  of  them  died  the  first  night  after  they  reached  the  farm  from 
exhaustion  and  others  died  a  few  days  later  before  being  treated 
with  vermifuges.  A  few  others  died  after  this  treatment.  Of  the 
42  head  obtained  but  29  survived  to  the  end  of  the  test,  though  nearly 
half  of  those  lost  were  killed  for  post-mortem  examinations.  It  is 
probable,  however,  that  the  treatment  with  vermifuges  may  have  en- 
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abled  the  sheep  that  survived  to  make  better  gains  than  they  would 
have  otherwise  have  done. 

There  is  yet  another  point  to  be  considered  in  the  feeding  of 
this  class  of  sheep.  Although  they  made  as  rapid  gains  and  as 
economic  gains,  in  fact  a  little  better  on  both  points  than  any  of 
the  other  sheep,  yet  they  were  far  from  being  ready  for  the  market 
when  the  other  sheep  were  shipped,  and  to  have  sold  them  at  this 
time  would  have  necessitated  selling  at  a  considerable  sacrifice,  be- 
cause of  the  very  poor  condition  at  this  time.  Such  sheep  must  be 
kept  on  feed  for  some  time  longer  than  sheep  not  so  affected. 

Table  No.  3.     Summary  and  Pinancia    Results  ,in  Feeding  Sheep.       1904-5. 


^\ 


Lot  1. 
Fed  clover 
mixed  gra 

Lot  2. 

Fed  clover, 

and  root 

Lots  3  4.n 

Fed  clover, 

and  root 

P   90 
•     P 

S'S 

a< 

P 

p 

Pu 

No.  of  days  red 

No.  ^of  sheep  

Weight  at  beginning lbs 

♦Cost  of  sheep  

Ck)st  of  food   

Total  cost  of  fattened  sheep  

Weight  at  close  of  teot .lbs 

Net  gain lbs 

Average  gain  per  sheep  lbs 

•♦Received   for  sheep    

Profit  on  feeding  

Profit  on  one  sheep 


SB 

3 


65 

65] 

o2 

321 

2880 

242U' 

$  86.40 

$  72.60 

29.01 

26.63 

115.41 

99.23 

3285f       2847[ 

405 

427 

12.7 

13.3 

$131.40 

$113.88 

16.00 

14.65 

.50 

.46 

123| 

201 

1241 

$  29.00 

44.22 

73.22 

2060 

819 

28.2 

$94.05 

20.73 

.71 


65 

50( 
5748! 


63 

50 
5753 


$172,441$   172.64 


43.43 

215.87] 
64251 
677 
13.54 
$257.00 
41.22 
.82 


47.31 

219,95 

6417 

659 

13.18 

^256 . 68 

36.73 

.73 


♦The  cost  of  lots  1,  2,  5,  and  6  is  figured  at  three  cents  per  lb.,   but   the 
sheep  in  lots  3  and  4  are  figured  at  $1.00  each. 

♦♦The  sheep  in  lots  1,  2,  5.  and  6  were  sold  for  4c  per  lb.  live^  weight.  After 
being  shorn  the  sheep  in  lots  3  and  4  sold  for  3  VgC  per  lb.  To  tWs  was 
added  the  value  of  the  wool  at  22c  per  lb. 
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FINANCIAL    RESULTS  WITH    SHEEP. 

Table  No.  3  gives  a  summary  and  the  financial  result  in  feeding 
sheep  for  the  winter  of  1904-5.  In  this  table  lots  3  and  4  are 
figured  together  as  one  lot  as  they  were  fed  practically  the  same 
during  the  time  •f  the  test,  and  for  the  second  part  of  the  experiment 
with  these  sheep  they  were  fed  together.  In  figuring  the  cost  of 
the  sheep,  lots  i  and  2  and  5  and  6  are  estimated  at  3  Cents  per 
pound.  This  was  the  actual  cost  of  lots  5  and  6.  Lots  i  and  2, 
when  purchased  in  the  spring  of  1904  cost  considerably  more  than 
the  price  here  stated,  but  the  experiment  in  the  summer  decreased 
their  value,  and  I  think  the  estimated  value  given  will  be  ftflly  high 
enough  for  the  class  of  stock.  The  "locoed"  sheep  were  figured  at 
one  dollar  per  head,  which  was  practically  the  cost  of  having  them 
laid  down  at  Bozeman.  They  were  donated  to  us  by  Mr.  J.  F.  Ash- 
bury  of  Big  Timber,  and  the  cost  to  us  .  was  merely  the  freight 
to  get  the  sheep  to  Bozeman.  The  experiment  with  lots  i,  2,  5  and 
6  continued  for  65  days,  when  the  sheep  were  sold.  Lots  3  and  4 
were  fed  for  123  days.  The  various  items  considered  in  this  table 
are  very  interesting  and  worthy  of  study.  In  summing  up  the  pro- 
fits on  the  feeding,  it  will  be  noticed  that  the  wethers  gave  a  little 
[the  Ingest  profit.  This  was  due  to  the  fact  that  these  animals 
weighed  more  and  the  increase  in  price  on  the  original  weight  of 
the  animals  from  3  to  4  cents  made  really  more  than  the  difference 
in  the  profits  noted  in  lots  i  and  2  and  5  and  6.  After  paying 
market  prices  for  the  feed,  these  sheep  returned  46  to  50  cents  each 
for  lots  I  and  2  and  82  to  73  cents  for  lots  5  and  6.  Lots  3  and  4  (the 
"locoed"sheep),  after  feeding  for  123  days,  sold  for  $94.03,  giving 
on  the  29  sheep  a  return  of  $20.73,  or  71  cents  per  head.  This  shows 
that  such  sheep,  if  properly  handled  and  fed  long  enough  to  get 
them  in  condition,  can  be  fed  at  a  profit. 


SUMMARY  AND  CONCLUSIONS. 


(i)  For  feeding  wethers  and  when  fed  with  clover  hay,  >yheat  and 
barley  gave  the  fastest  gains,  followed  by  oats,  screenings  and 
mixed  grain  in  the  order  named.     See  page  90. 

(2)  Considering  the  amount  of  food  required  for  each  pouna  01 
gain  in  feeding  wethers,  wheat  and  clover  was  the  most  efficient 
ration,  followed  by  screenings,  barley,  oats  and  mixed  grain 
in  order  named.     See  page  92. 

(3)  In  feeding  lambs  screenings  and  clover  gave  the  fastest  gains, 
followed  by  mixed  grain,  oats,  barley  and  wheat,  in  order 
given.     See  page  95. 

(4)  The  amount  of  food  required  for  each  pound  of  gain  on  lambs 
was  least  for  the  ration  of  screenings  and  clover,  with  oats, 
mixed  grain,  barley  and  wheat  in  the  order  named.  See  page 
96. 

(5)  Lambs  gain  faster  and  more  economically  than  do  wethers. 
See  page  97. 

(6)  The  light,  thin  lamb  cannot  be  fattened  sufficiently  in  three 
months  to  command  the  best  price  in  the  market.  See  pages 
100-103. 

(7)  In  one  experiment  in  feeding  100  wethers  for  65  days,  5^ 
wethers  fed  a  maximum  ration  of  J^  pound  of  grain  a  day 
gained  as  rapidly  as  50  wethers  fed  i  pound  grain  a  day  as  a 
maximum  ration. 

(8)  A  band  of  29  "locoed"  sheep  that  had  been  treated  with  vermi- 
fuges fed  during  123  days  gained  as  rapidly  and  made  as  eco- 
nomic gains  as  a  band  of  healthy  wethers.  Being  small  and 
thin,  however,  they  would  have  to  be  fed  at  least  twice  as  long 
to  get  them  ready  for  the  market. 
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ONION  GROWING  IN  MONTANA. 


INTRODUCTION. 


This  bulletin  gives  the  results  of  three  year's  tests  with  onions, 
made  at  the  Experiment  Station  in  the  years  1903,  1904  and  1905, 

It  is  often  said,  and  not  without  some  truth,  that  Montana 
grown  onions  will  not  keep.  According  to  the  variety,  it  takes 
onions  from  135  to  150  days  to  mature  from  seed,  and  of  course  if 
they  are  not  thoroughly  ripe  their  keeping  quality  is  injured.  It 
quite  frequently  happens  that  there  are  not  more  than  100  or  120 
days  between  killing  frosts  in  the  agricultural  valleys  of  the  state, 
and  for  that  reason  it  is  desirable  to  practice  some  system  in  onion 
growing  other  than  growing  the  bulbs  directly  from  seeds  planted 
in  the  open  ground  in  the  spring.  Therefore,  the  following  ex- 
periments were  conducted;  the  object  in  view  being  to  test  the 
maturity  and  the  productiveness  of  several  varieties  and  to  deter- 
mine, if  possible,  whether  onions  can  be  profitably  grown  in  this 
state. 

Each  year  onion  seeds  were  planted  in  the  green  house  (which 
takes  the  place  of  a  hot  bed)  in  March  or  April,  and  transplanted 
into  the  field  as  soon  as  the  ground  could  be  worked.  At  the  time 
the  onions  were  transplanted,  seeds  of  the  same  varieties  were 
l^Ianted  along  side  the  transplanted  ones,  being  grown  under  ex- 
actly the  same  conditions  as  to  soil,  water  and  cultivation.  The 
first  year  the  onicns  were  grown  on  fairly  good  soil,  but  no  fertil- 
izers were  given.  The  second  year  (1904)  the  onions  were  grown 
on  very  poor  garden  soil,  without  fertilizers,  and  in  1905  the  crop 
was  grown  on  the  same  soil  that  produced  onicns  in  1903;  but  about 
one  load  of  coarse  hen  manure  to  every  square  rod  of  ground  was 
applied.  The  yields  for  the  three  years  indicate  the  value  of  good 
soil  and  manure  for  onions.       The  onions  were  transplanted  about 
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four  inches  apart  in  the  rows,  with  the  rows  i8  inches  apart.  The 
seedling  onions  were  thinned  to  about  4  inches  apart,  and  at  that 
rate  there  would  be  87,120  bulbs  per  acre. 

This  was  taken  as  a  basis  for  computing  the  yields  here  given. 

HOT   BED   CONSTRUCTION. 

To  be  successful  in  growing  onions,  as  here  outlined,  the  use 
of  a  hot  bed  is  imperative. 

FRAME — The  frame  should  afford  sufficient  protection  to  keep 
out  cold  and  rain ;  one  inch  material  fitted  well  together  will  answer 
the  purpose.  The  sash  or  top  should  slope  to  the  south  in  order 
to  get  the  afternoon  sun.  The  length  of  the  frame  will  depend 
upon  the  number  of  plants  it  is  desired  to  grow,  but  a  bed  over  five 
feet  wide  is  inconvenient  to  plant,  water,  thin  and  care  for.  Some 
practice  driving  posts  in  the  ground  for  the  corners,  but  this  is  un- 
necessary and  not  the  best  system.  Better  results  being  obtained 
where  comer  blocks  of  2x4  inch  material  are  used,  and  the  ends 
sawed  off  flush  with  the  top  and  bottom  of  the  frame,  thus  per- 
mitting the  frame  to  rest  upon  the  ground  or  the  manure  as  the 
case  may  be.  The  front  board  of  the  frame,  or  the  board  on  the 
south  side,  should  be  about  twelve  inches  wide,  and  the  back  of  the 
frame,  if  it  is  five  feet  wide,  should  be  about  22  inches  high,  thus 
giving  a  slope  of  two  inches  to  the  foot,  sufficient  to  shed  rain  and 
to  present  the  maximum  surface  to  the  direct  rays;  of  the  sun. 

The  , sash  or  covering  should,  of  course,  be  made  to  fit  the 
frame,  with  sufficient  length  and  width  to  leave  a  lap  of  about  one 
inch  on  either  side. 

Frames  can  be  purchased  from  dealers  at  reasonable  prices. 
Glass  10x12  inches  is  a  good  size  as  it  is  strong  and  much  cheaper 
than  large  sized  panes. 

PIT — The  depth  of  the  pit  necessary  depends  some  upon  the 
length  of  time,  clcsire(J  to^  use  artificial  heat.  If  started  in  March  a 
depth  of  four  feet  is  not  too  much,  while  if  started  in  April  two  to 
three  feet  is  sufficient.  Good  drainage  is  an  essential  factor  in 
th«  hot  bed  pit,  because  if  the  pit  becomes  too  wet  it  will  prevent 
the  manure  from  heating.  The  sash  should  not  leak  nor  the  bed 
^e  over  watered  for  the  same  reason.       The  pit  should  be  about 
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one  foot  longer  and  wider  than  the  frame,  otherwise  the  edges  of 
the  bed  will  be  too  cold  to  permit  plant  growth. 

HEATING  MATERIAL— The  best  material  to  heat  the  hot 
bed  is  fresh  manure  nearly  free  from  straw,  from  the  horse  stable. 

Horse  manure  thrown  in  a  pile  will  start  fermentation  or  heat- 
ing even  in  the  coldest  weather,  therefore  it  is  best  to  save  the 
manure  for  the  hot  bed  in  thin  layers  in  a  dry  place  until  time  to 
use  it  in  the  hot  bed.  Very  dry  manure  should  be  moistened  at 
the  time  it  is  put  in  the  pit.  To  insure  the  equal  heating  of  the  bed 
in  all  parts  it  is  best  to  start  fermentation  before  placing  the  man- 
ure in  the  pit.  To  accomplish  this,  thorough  forking  over  and  re- 
piling  the  manure  is  practiced. 

It  is  important  to  have  the  material  so  filled  in  the  pit  that  it 
will  heat  and  settle  in  all  parts  equally.  Very  thorough  forking 
and  packing  will  accomplish  this. 

When  the  pit  has  been  made  a  little  more  than  full,  the  frame 
can  be  placed  on  in  a  level  and  solid  position  and  four  or  five  inches 
mere  of  manure  packed  in.  After  this  has  stood  three  of  four  days 
to  permit  the  escape  of  the  strong  ammonia  gas  add  six  or  eight 
inches  of  rich  garden  soil,  to  which  has  been  added  about  one-third 
its  bulk  of  thoroughly  rotted,  well  pulverized,  barnyard  manure. 

The  sides  and  ends  should  be  well  banked  with  dirt  for  the  pur- 
pose of  ^curing  surface  drainage  and  for  the  protection  given  the 
frame  against  cold.  The  whole  surface  will  probably  settle  a  few 
i«ches,  but  if  it  has  been  properly  packed  no  irregularities  should 
appear. 

Considerable  care  should  be  given  the  hot  bed  after  the  seeds 
have  germinated.  If  the  sashes  are  not  raised  during  bright  sun- 
shine there  is  danger  of  burning  the  plants,  and  fresh  air  is  essential 
to  the  best  growth.  During  very  cold  weather  the  frames  should 
be  covered,  otherwise  the  plants  may  freeze.  For  onions  a  day 
temperature  of  from  65  to  75  degrees  should  be  maintained,  with 
a  temperature  somewhat  lower  at  night.  The  plants  will  have  to 
be  watered  frequently,  care  being  taken  that  the  ground  becomes 
not  too  dry  nor  yet  too  wet.  A  few  days  before  transplanting 
time  the  sash  should  be  removed  in  order  that  the  plants  may  be- 
come accustomed  to  outdoor  conditions. 
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TRANSPLANTING — Onions  are  an  exceedingly  easy  plant  to 
transplant,  yet  there  are  certain  features  that  need  attention.  If 
the  roots  are  so  long  that  it  is-  necessary  to  bend  them  out  of  their 
natural  position  in  transplanting  they  should  be  trimmed  back. 
About  one-third  of  the  tops  should  be  cut  off  when  transplanted. 
The  method  used  at  the  station,  is  to  pick  the  onions  from  the  hot 
bed  and  put  them  in  bunches,  trim  the  roots  and  tops  to  the  de- 
sired length  and  then  place  the  plants  in  a  pan  containing  water. 

The  ground  has  been  previously  marked  off  and  a  shallow  drill 
made  where  the  onions  are  to  be  planted.  This  drill  may  be  made 
with  a  wheel  hoe,  a  hand  hoe,  or  sharp  stick.  One  man  takes  the 
pan  containing  the  onions  and  drops  the  plants  into  the  drill  at 
the  desired  distance  apart.  A  second  man  follows,  straightens  up 
the  plants  and  covers  the  roots,  care  being  taken  not  to  g-et  the 
bulbs  too  deep.  The  onion  is  one  of  the  easiest  of  small  plants  to 
make  grow  by  transplanting.  We  have  had  a  very  high  percent- 
<KgQ  live  when  planted  under  most  adverse  conditions. 

The  onions  were  about  one^sixteenth  of  an  inch  in  diameter 
when  taken  from  the  hot  bed. 

SEEDING — The  onions  from  seeds  planted  in  the  open  g-roiind 
were  grown  in  the  following  way : 

As  early  in  the  spring  as  the  ground  could  be  worked,  the  soil 
in  the  onion  bed  was  thoroughly  pulverized  and  leveled.  The  rows 
were  marked  off  with  a  seed  marker  1 8  inches  apart  and  drills  about 
one-fourth  inch  deep  were  made.  The  seeds  were  planted  by  hand 
because  of  the  fact  that  only  small  quantities  of  each  variety  -were 
being  used.  In  field  culture  a  seed  drill  could  be  used  to  advant- 
age. The  seeds  were  planted  about  one  inch  apart  in  the  row^  and 
later  thinned.  If  the  soil  is  wet  and  cold,  or  if  the  seeds  arc 
planted  too  deep,  they  will  germinate  poorly.  Because  of  this  it 
is  necessary  to  get  the  surface  soil  very  well  pulverized,  othewise 
the  depth  of  planting  cannot  be  regulated,  and  the  soil  may  get  too 
dry  for  germination  if  it  is  rough  and  coarse.. 

After  the  seeds  have  all  germinated  and  the  plants  are  large 
enough  to  work  with  they  should  be  thinned.  In  our  practice 
at  the  station  we  thin  to  four  inches  apart  in  order  to  have  them 
is  nearly  uniform  to  the  transplanted    ones  as    possible,    but   in 
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field  culture  they  could  be  left  closer  together..  Three  or  three 
and  one-half  inches  would  not  be  to  close. 

The  transplanted  and  seedling  onions  were  given  the .  same 
treatment  as  to  cultivation,  irrigation  and  general  care,  except  as 
has  been  mentioned. 

The  ground  was  kept  moist  during  the  early  part  of  the  sum- 
mer and  well  cultivated.  After  each  irrigation  wheel  hoes  were  rua 
between  the  rows.  This  was  done  both  to  conserve  the  soil  mois- 
ture and  to  keep  the  soil  around  the  bulbs  loose,  so  that  they  could 
make  the  greatest  growth.  About  the  middle  of  July  or  the  first 
of  August  irrigation  was  stopped,  and  the  dirt  cultivated  away 
from  the  onions.  It  seems  that  if  the  onions  are  on  top  of  the 
ground,  or  nearly  so,  they  will  grow  larger  and  mature  earlier. 

As  soon  as  the  tops  showed  signs  of  ripening,  a  light  roller  was 
run  over  the  onions,  thus  breaking  down  all  the  tops.  This  hastens 
maturity,  which  is  a  condition  desired  in  Montana  to  make  onion 
growing  successful. 

ONION    TESTS    FOR    1903. 

On  April  4,  1903,  the  seeds  of  nine  varieties  of  onions  were 
sown  in  the  greenhouse,  under  conditions  practically  the  same  as 
obtained  in  the  hot  bed,  with  the  single  exception  of  the  advantage 
the  hot  bed  gives  in  ventilation  and  "hardening  oflf"  of  the  plants 
before  transplanting. 

The  seeds  had  germinated  by  May  5.  The  plants  were  left  in 
the  seed  bed  in  the  greenhouse  until  Ma}'  21,  when  they  were  trans- 
planted into  the  field. 

Seeds  of  the  same  varieties  were  planted  along  side  of  the 
transplanted  onions  on  the  same  date.  This  being  the  earliest  date 
that  the  ground  could  be  successfully  worked.  The  transplanted 
onions  were  less  than  one-sixteenth  of  an  inch  in  diameter  when 
transplanted.  Much  better  results  could  have  been  obtained  had 
the  seed  been  planted  in  the  seed  bed  earlier.  However,  even 
the  month's  additional  growth  showed  a  wonderful  increase  in  pro- 
duction and  time  of  maturity,  over  the  plants  grown  from  seed 
planted  in  the  open  ground. 

The  following  table  gives  the  yields  of  the  transplanted  and 
seedling  onions,  when  grown  in  rows  eighteen  inches  apart  with 
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the  bulbs  four  inches  apart  in  the  rows.  In  field  culture  the  rows 
could  be  closer  together,  sixteen  inches  being  a  convenient  dis- 
tance, and  the  bulbs  could  be  planted  as  close  as  three  or  three  and 
one-half  inches  apart.  At  three  by  sixteen  inches  there  would  be 
130,680  bulbs  per  acre,  or  43,560  bulbs  more  per  acre  than  were 
used  as  a  basis  in  computing  the  yields  given  in  this  bulletin. 


ONION  TE8T8— 1903. 


I    Transplanted    | 


Seedlings 


Variety 


Southport  Large  Yellow  Globe 

By.tra  EJarly  Flat  Red   

Australian   Yellow  Globe [ 

Burpee's   "Nameless"    

New  Gigantic  Gibraltar   

New  Mammoth  Silver  King   

Large  Red  Globe 

Prize  Taker   

Australian  Brown   

Adrialtic  Barletta I 


Av.  Wt.  per 
bulb 

Yield  per 
acre 

Wt.  per 
bulb. 

Yield  per 
acre 

5-? 

.47275 

41185 

.20279 

17667 

133 

.44737 

38974 

.341 

29707 

.1788 

15577 

99 

.30682 

26730 

.3667 

31946 

.1379  ! 

12013 

165 

.41406 

36072 

. 15386 

13403 

U% 

.28874 

25155 

.13776 

12001 

109 

.3913 

34090 

.1678 

14618 

132 

.34836 

30349 

.18446 
.16873 

16070 
14690 

88 

It  may  be  seen  from  the  above  table,  that  for  the  tests  for 

1903,  the  Southport  Large  Yellow  Globe  variety  gave  the  largest 

yield  per  acre  from  both  the  transplanted  and  seedling  onions,  with 

an  increase  of  133  per  cent,  of  transplanted  onions  over  the  onions 

:grown  from  the  seeds  planted  in  the  field. 

The  New  Mammoth  Silver  King  gave  the  largest  increase  •£ 
transplanted  onions  over  the  seedlings,  the  increase  being  169  per 
per  cent,  while  the  Australian  Brown  gave  the  smallest  increase, 
or  88  per  cent. 

KEEPING  QUALITY— These  onions  were  harvested  Sept. 
30,  stored  for  a  time  in  a  shed,  where  they  experienced  a  temper- 
ature of  23  degrees  blow  zero.  On  December  29,  1903,  they  were 
in  the  following  condition  of  preservation: 

Extra  Early  Australian  Yellow  Globe — Both  the  seedling    and 

transplanted  bulbs  were  in  the  best  possible  state  of  preservation. 
The  bulbs  being  sound  and  firm,  showing  no  signs  of  decay. 
Among  the  seedling  onions,  however,  were  a  large  percentage  of 
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thick  neck  bulbs,  which  would  have  to  classed  as  culls  in  commer- 
cial onion  growing. 

Australian  Brown — The  transplanted  onions  were  sound  and 
firm.     The  seedling  bulbs  were  showing  signs  of  becoming  soft. 

Gigantic  Gibralter — Very  poor;  both  the  seedling  and  trans- 
planted onions  were  soft. 

Southport  Large  Yellow  Globe — ^The  transplanted  onions  were 
fairly  good.  Some  of  the  bulbs  were  showing  sig^s  of  decay,  with 
but  little  apparent  difference  at  this  date  between  the  transplanted 
and  seedling  bulbs. 

Large  Red  Globe — Both  transplanted  and  seedling  onions  show- 
ing some  indications  of  decay. 

Silver  King — ^This  variety  was  in  a  fairly  good  state  of  preser- 
vation. A  few  of  the  bulbs  showed  some  signs  of  decay.  In  this 
variety  alone  the  seedling  onions  seemed  to  keep  longer  than  the 
transplanted  ones. 

Prize  Taker — ^The  transplanted  onions  were  in  the  best  pos- 
sible condition  of  preservation.  The  seedling  bulbs  showed  signs 
of  decay. 

We  found  that  the  varieties  giving  the  largest  yield  in  1903 
were  Large  Yellow  Globe,  Early  Flat  Red,  New  Mammoth  Silver 
King  and  Prize  Taker.  Those  keeping  best  were  Prize  Taker, 
Australian  Yellow  Globe  and  Australian  Brown.  The  Prize  Taker 
was  among  those  varieties  giving  the  largest  yield  and  also  was 
among  the  best  varieties  in  keeping  quality,  indicating  that  it  is 
an  excellent  variety  to  grow  by  the  transplanting  method. 

ONION   TESTS   FOR    1904. 

The  tests  made  in  1904  were  on  very  poor  soil,  as  before  stated, 
and  the  onions  were  grown  without  any  manures  or  fertilizers  be- 
ing applied.  The  yields,  therefore,  both  of  the  transplanted  and 
seedling  onions  are  much  less  than  in  the  first  and  third  years  of 
the  test. 

This  year  two  plantings  were  made  out  of  doors,  the  first  on 
May  14  and  the  second  on  May  21,  at  which  date  the  plants  from 
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the  hot  bed  were  transplanted.    The  table  following  gives  the  yield 
of  the  two  seedings  and  the  transplanted  onions. 

The  seeds  for  the  transplanted  onions  were  planted  in  shallow 
boxes  in  the  Greenhouse  on  April  30: 


»•> 


ONION    TESTS    1904. 


Seeds  Sown  i  tieeds  Sown  1 
1       May  21       |       May   14  1 1  Transplanted 

Variety 

•c  ■ 

c 

.134 
.148 
.129 
.116 
.158 
.14 
.1347 
.168 
.129 
.185 
.163 
.14 
049 

h 

n 

11674 
12893 
11238 
10105 
137G4 
12196 
11735 
14636 
11238 
16117 
1*200 
12196 
4268 

w 

1^ 

3  1 

a 
QD  cr 

c 

a 
.164 
.234 
.16 
.133 
.166 
.138 
.158 
.166 
.137 
.1855 
.144 
.078 
.071 

\^  • 

0 

n 

■n 

14287 
20386 
13939 
11586 
14461 
11022 
13764 
14461 
11935 
16160 
12545 
6795 
6185 

3  n 

a 

.1789 

.297 

.190 

.23 

.3 

.244 

.8 

.235 

,2 

.331 

.286 

.224 

.197 

a 
n 

Yellow   Globe   Danvers    

15586 

Prize  Taker    

Large   Red    Globe    

White  Silver  Skin 

Golden,  Globe    

25174 
16552 
20057 
2C136 

Yellow    Dutch    

Extra  Early  Red   

21267 
2S13€ 

Southport  I/arge  Yellow  Globe 

Large  Red  Wethersfleld   

20473 
17424 

Australian    Brown    

Extra  EJarly  Australian  Yellow  Globe 

Large  White  Globe   

New  Mammoth  Silver  King   

28S3€ 
24916 
19614 
17162 

Much  larger  yields,  no  doubt,  would  have  been  secured  from 
the  transplanted  varieties  had  the  seed  been  planted  earlier  than 
April  30.  The  very  poor  soil,  together  with  late  planting,  pro- 
duced a  yield  this  year  much  less  than  in  the  other  years. 

The  last  two  varieties  in  the  second  column,  or  the  Large 
White  Globe  and  New  Mammoth  Silver  King,  planted  on  May  14, 
produced,  as  shown  in  the  table,  but  a  very  small  crop.  This  was 
due  to  the  fact  that  they  were  planted  too  close  to  some  tall  growing 
vegetables  and  were  shaded.  The  comparative  yield  for  that 
reason  is  not  accurate  for  these  two  varieties.  Most  of  the  var- 
ieties show  considerable  increase  in  yield  when  planted  early  over 
the  later  planting,  and  lead  us  to  believe  that  if  seeds  are  to  be 
planted  out  of  doors  they  should  be  gotten  in  the  ground  just  as 
soon  as  it  is  possible  to  get  the  soil  in  condition  for  planting. 

Of  the  transplanted  onions,  the  Australian  Brown,  Golden 
Globe,  Extra  Early  Red  and  Prize  Taker  gave  the  largest  yields 
per  acre. 
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ONION    TESTS    FOR    1905. 


In  1905,  18  varieties  of  onions  were  included  in  the  test,  and 
the  table  below  gives  the  size  per  bulb  and  yield  per  acre,  figured 
on  a  basis  of  87120  bulbs  per  acre,  or  grown  in  rows  18  inches  apart 
with  the  plants  four  inches  apart  in  the  rows.  This  was  the  best 
test  yet  made,  as  the  conditions  for  producing  an  average  crop 
were  much  better  than  in  former  years.  Most  of  the  varieties  were 
matured  and  ready  to  harvest  before  killing  frosts,  which  were  un- 
usually early  this  fall: 
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The  varieties  giving  the  largest  yields  per  acre  this  year,  of 
the  transplanted  lot,  were  Gigantic  Gibralter,  Pink  Prize  Taker, 
Prize  Taker,  Large  White  Globe,  Extra  Early  Red,  Large  Red 
Wethersfield  and  Silver  King.  The  White  Globe  and  Silver  King 
are  white  onions  and  poor  keepers,  not  being  well  adapted  for  win- 
ter markets.  Those  best  for  a  commercial  market  were  Prize 
Taker,  with  a  computed  yield  of  79453  pounds  per  acre,  Large  Red 
Wethersfield  yielding  65427  pounds,  and  Round  Yellow  Danvers, 
which  yielded  59067  pounds  per  acre. 


ONION  TESTS. 
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Round  Yellow  Danvers  . . . 

Silver   King 
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Extra  Early  Red   

Golden    Globe    

Yellow   Globe    Danvera    . 

Prize  Taker   

Pink  Prize  Taker   

Australian  Yellow  Globe. 

Yellow  Dutch    
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Large  Red  Globe   

Large   Red   Wethersfield. 
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White  Queen 
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Bi.rletta  


36072 
41185 
38974 


34090 
29707 

25155 

30349 
31946 


14618 
15577 

12001 

16070 
12013 

14699 


1H514 

17162 
20473 
2e:i36 
26136 
15585 
25874 

24916 
21257 

1C552 
17424 
28836 


6795 


6185 
14461 
13764 
14461 
14287 
20386 


76752|27007 
50355|14932 
63858  ^Oi43 


60199 

67169 

36154 

56105 

79453 

89994 

12545  29969 

12022  58021 

,57412 

1393958370 


30143 
33454 
23335 
28226 
32321 
30230 
22389 
28314 
21780 
30304 


11935IH5427'29533 

15117)36067117685 

196616  20037 


31276 


11238 


20037ill58G|51139l2247G 

I     I 


39030 
40622 
44093 


46472 
28197 

33369 
31750 


oa  ' 

V  3  - 

«  -1 


48133 


31195 
35845 


39639 

-.±425 
64281 
35586 


In  table  No.  4  is  given  the  summary  of  the  yields  for  each  year 
of  the  test  and  the  average  yields  for  two  and  three  years  of  both 
the  seedling  and  transplanted  onions.  The  table  shows  that  the 
Prize  Taker  has  given  the  largest  average  yield  of  all  varieties 
tested  and  also  has  been  among  the  best  keepers,  although  it  is 
not  advertised  in  seed  catalogs  as  a  winter  onion.  The  seedling 
bulbs  of  this  variety  keep  poorly,  because  the  growing  season  is 
not  long  enough  to  properly  mature  them. 
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SUMMARY. 

The  soil  best  adapted  to  onions  is  a  rich  sandy  loam,  thoroughly- 
pulverized  and  leveled  for  irrigating.  Once  thoroughly  prepared 
onions  may  be  grov^rn  to  advantage  for  several  years  in  succession 
on  the  same  ground,  as  it  divides  the  cost  of  the  first  preparation 
over  several  years. 

Well  rotted  manure  will  materially  increase  the  yield  of  either 
the  transplanted  or  seedling  onions. 

Transplanting  will  incrase  the  yield  from  50  to  200  per  cent, 
with  but  little  on  no  increase  in  the  cost  of  labor. 

Transplanting  insures  an  even  crop,  insures  maturity,  and 
thereby  the  keeping  quality  of  the  onions. 
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